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(57) Abstract 

This invention is directed to compounds of foimula (I), and die phannaceutically-acc^)table salts diereof, where die subslituents are 
as defined in the Specificatlcxi, which are growth honnone secretogogues and which increase the level of endogenous growth homone. 
The compounds of this invention are useful for the treatment and prevention of osteoporosis and/or frailty, congestive heart failure, frailty 
associated with aghig, obesity; accelerating bone fracture repair, attenuating protcm catabolic response after a major operation, reducing 
cachexia and protein loss due to chronic ilhiess. accelerating wound healing, or accelerating the recovery of bum patients or patients 
having undergone major surgery; improving muscle strength, mobility, maintenance of skin thickness, metabolic homeostasis or renal 
homeostasis. The compounds of the present invention are also useful in treating osteoporosis and/or frailty when used in combinadon 
widi: a bisphosphonale compound such as alendronate; estrogen, premarin. and optionally progesterone; an estrogen agonist or antagonist; 
or calcitonin, and pharmaceutical compositions useful therefor. Further, the present invention is directed to pharmaceutical compositions 
useful for increasing die endogenous production or release of growth hoimone in a human or other animal which comprises an effective 
amount of a compound of the present invention and a growdi hoimone secietagogue selected from GHRP-^, Hexarelin, GHRP-1, growdi 
honnone releasing fiactor (GRF), IGF-l, IGF-2 or B-HT920. The invention is also directed to intermediates useful in die preparation of 
compounds of Fonmula G). 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States patty to tht PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


AHmdU 


ES 


Spain 


LS 


LesodiD 


SI 


Slovenia 


AM 


Anneaia 


FI 


Pittlaad 


LT 


Lithuania 


SK 


Slovalda 


AT 


Auitria 


FR 


Pranoe 


LU 


Luxenbonig 


SN 


Senegal 


AU 


AuitraUa 


GA 


Oaboo 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azeibtijan 


GB 


United Kiogdora 


MC 


Mboaoo 


TD 


Chid 


BA 


Bosnii and Henegovina 


GB 


Geocsta 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Gbani 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgiuin 


GN 


Guinea 


MK 


The fooner Yugoslav 


TM 


Tbricraenistan 


BF 


Buftdoa Faso 


GR 


Oreccc 




Rqwblic of Macedonia 


TR 


Tttikcy 


BG 


Bolgaria 


HU 


Hungaiy 


ML 


MaU 


TT 


TrinUad and TolJago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukiaine 


BR 


Brasil 


IL 


bnal 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


IceUnl 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Baly 


MX 


Mexico 


uz 


Uzbdditan 


CP 


Ceotril African Republic 


JP 


Stipto 


NE 




VN 


Viet Nam 


OG 


Coago 


KE 


Kenya 


NL 


Neiheriandi 


YU 


Yogoilavia 


CH 


Switttrtand 


KG 


Kyrgyatao 


NO 


Nonray 


zw 


Zimbabwe 


a 


C6to d'lvoiic 


KF 


Democratic Fsopfe*! 


NZ 


NewZeatattd 






CM 


Cameioon 




Repabtlcof Koraa 


PL 


Poland 






CN 


China 


Kft 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czedi Republic 


LC 


Saint Lucta 


RU 


Russian Pedeiatlon 






DE 


Oennany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Deainafk 


LK 


Sri Lanka 


SB 


Sweden 






KB 


Eitoaia 


LR 


Liberia 


SG 


Singapore 







wo 98/58947 



PCT/IB98/00|^ 

* 



5 OIPEPTIDE DERIVATES AS GROWTH HORMONE SECRETA60GUES 

This invention relates to dipeptide compounds which are growth hormone 
secretagogues and are useful for the treatment and prevention of osteoporosis 
and/or frailty. 

Backoround of the Invention 
10 Growth homrK>ne (GH), which is secreted from the pituitary gland, stimulates 

growth of all tissues of the ix>dy that are capable of growing. In addition, growth 
honnone is known to have the following basic effects on the metabolic processes of 
the body: 

1. increased rate of protein synthesis in substantially all ceils of tiie 
15 body; 

2. Decreased rate of carbohydrate utilization in cells of the body; and 

3. Increased mobilization of free fatty acids and use of fatty acids for 
enerigy. 

Deficient in growtti honmone results in a variety of medical disorders. In 
children, it causes dwarfism. In aduKs, the consequences of acquired GH 
deficiency indude profound reduction in lean body mass and concomitant increase 
in total body fat particularly in the tnincal region. Decreased skeletai and cardiac 
musde mass and muscle strength lead to a significant reduction in exercise 
capacity. Bone density is also reduced. Administration of exogenous growth 
homfione has been shown to reverse many of the metabolic changes. Additional 
benefits of therapy have included reduction in LDL cholesterol and improved 
p^chological weil-t>eing. 

In cases where increased levels of growth hormone were desired, the 
problem was generally solved by provkiing e)a>genous growth homnone or by 
administering an agent whk:h stimulated growth hormone production and/or release. 
In eittier case the peptidyl nature of the compound necessitated that it be 
administered by injection, initially the source of growtti homione was the extraction 
of the pituitary glands of cadavers. This resulted in an expensive product, and 
carried with it the risk that a disease associated with the source of the pituitary gland 
could be transmitted to the recipient of the growtti honmon (e.g., Jaoob-CreutzfeM 
diseas ). Recently, recombinant growth hormon has become available which, 
while no longer carrying any risk of disease transmisston, is stall a v ry xpensive 
product which must b giv n by irijection or nasal spray. 
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Most GH deficiencies are caused by defects in GH nel ase, not primary 
defects in pituitary synthesis of GH. Therefore, an alternative strategy for 
normalizing serum GH levels is by stimulating its release from somatotrophs. 
Increasing GH secretion can be achieved by stimulating or inhibiting various 
5 neurotransmitter systems in the brain and hypothalamus. As a result, the 
development of synthetic growth hormone-releasing agents to stimulate pituitary GH 
secretion are being pursued, and may have several advantages over expensive and 
inconvenient GH replacement ttierapy. By acting along physiologic regulatory 
pathways, the most desirable agents would stimulate pulsatile GH secretion, and 
10 excessive levels of GH that have been associated witti the undesirable side effects 
of exogenous GH administration would be avoided by virtue of intact negative 
feedback loops. 

Physiologic and pharmacologic stimulators of GH secretion, which include 
arginine, L-3,4-dihydroxyphenylalanine (L-DOPA). glucagon, vasopressin, and 

15 insuh'n fftduced hypoglycemia, as well as activities such as sleep and exercise, 
indirectiy cause growth hormone to be released from the pituitary by acting in some 
fashion on the hypothalamus perhaps either to decrease somatostatin secretion or 
to increase the secretion of the known secretagogue growtti hormone releasing 
factor (GHRF) or an unknown endogenous growth homnone-releasing hormone or 

20 aliofttiese. 

Ot)eslty is a major risk factor for diabetes, and a large fraction of NIDDM 
patients are obese. Both conditions are characterized by elevated circulating insulin 
levels and suppressed GH levels. GH treatment of GH*deftcient adults (Jorgensen, 
J.O.L., et al., Lancet 1:1221 (1989)), obese women (Rk:hetsen, B., et al.. Am J 

25 Physiol. 266:E211 (1994)) and ekieriy men (Rudman, D.. et al. Homi Res 36 (Suppi 
1):73 (1991)) has been shown to produce increases in lean body, hepatic and 
muscle mass while decreasing fat mass. Thus, GH therapy for obesity would seem 
attractive wcBpt for the diabetogenic effects of GH. 

An altemative to exogenous GH administration is therapy that stimulates 

30 endogenous GH secretion. It has been shown that a substantial pituitary resenre of 
GH is present in pituitarynntact GH-deftei nt patients and the elderly so that 
decreased semm GH levels are due to hyposecretion. 
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Hyposeoetion of GH in s veral dinical settings (ob sity, aging, 
glucocorticoid suppression) is relatively resistant to stimulation by GHRH (Gertz. 
B.J.. et al.. J ain Endocrinol Metab, 79:745 (1994); Arvat. E., et al.. J Clin 
Endocrinol Metab, 79:1440 (1994); Maccario. M., et al.. Metabolism, 44:134 (1995)). 
5 In contrast, administration of a GHRP or combined administration of GHRH and a 
CHRP in these patients can eiidt a robust GH response (Aloi. J.A.. et al., J Clin 
Endocrinol Metab, 79:943; (1994)). Single dose studies of GHRPs have 
demonstrated the absence of an aaOe effect on circulating insulin or gkicose levels. 
Insulin and glucose have generally not been monitored in chronic studies except to 
10 document the absence of unfavorable changes (Jacks. T.. et al., J ErKlocrinol. 
143:399 (1993)). 

Prior to the present Invention, the use of GHRPs or GHRP mimetics to 
improve glycemic control has not specifically been explored. The method of treating 
insulin resistance in a mammal comprising the administration of a compound of 
15 Formula I of this invention is pradioed preferentially in patients vvho have a 
functionai hypothalamio-pituitary axis capable of GH secretory responses to GHRPs 
and who have pancreatic beta^Us capable of secreting insulin. 

Other compounds have been developed which stimulate the release of 
endogenous growth honnone such as analogous peptidyi compounds related to 
20 GRF or the peptides of U.S. Patent No. 4,411,890. These peptides, while 
considerably smaller than growth homwnes, are still susceptible to various 
proteases. As with most peptides, their potential for oral bioavailabUity is low. 

WO 94/13696 refers to certain spiropiperidines and homologues wNch 
promote release of growth hormone. Pref^d compounds described therein are of 
25 the general structure shown below. 
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WO 94/11012 refers to certain dipeptides that promote release of growth 
hormone. These dipeptides have the general structure 



R15 

i 

(X)n 



5 



C >— (L)w(CH2)r*rC— CH-N— C— A— N 



o 

li 



where Lis 



10 



The compounds of WO 94/11012 and WO 94/13696 are reported to be 
useful in the trealment of osteoporosis in combination wHh parathyroid hcmnone or a 
bisphosphonate. 

PCT publcatton WO 97/09060 (Ssdoses the use of growth hormone 
releasing hormone or a functional analog theieof in the treatment of insuGn 
resistance in mammals. 
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Summarv of the Invention 
This invention provides compounds of the formula: 




5 or a stereofsomeric mixture thereof, cfiastereomericaliy enriched, diastereomericalty 
pure, enantiomericaily enriched or enanticmericaliy pure isomer thereof, or a 
prodaig of such compound, mixture or isomer tiiereof. or a pharmaceutically 
acceptat)te salt of the compound, mixture, isomer or prodmg. 
wherein 

10 HET is a hetero^dic moiety selected from the group consisting of 



disO. lorZ.- 
els 1 or 2; 

A is a divalent radical, where the left hand side of the radical as shown below is 
15 connected to C" and the right hand side of the radical as shown below is connected 
to C. selected from th group consisting of 
-NR^-C(0)-NR^-. 
-NR^-«(0)rNRV 
-OC(0)-NR^ 




,1A 
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-NR^-C(0)-0-. 
-C(0)-NR^-C(OK 

-C(0)-NR*-C(R'R'V. 
•C(R"r'*VNR^-C(0)-. 

6 -C(R'R'VC(R"R'°)-C(R'R^V. 
-S(0)rC(R'R^'VC(R*R'")-. 

-ccr'r'Vj-cco)-. 
-C(r»r'V>c(rVV. 

-NR'-C(0)-C(R'R'V. 
10 -0-C(0)-C(R'R")-. 
-C(R^'°)-C(0)-NR'-. 
-C(0).NR*^0)-. 
-C(R^'*VC(0)-0., 

-C(0)-nr'-c(r'R*°)-c<R'R'V. 

15 -C(OHW:(R'R*V. 

-c(r^^(r*r*Vc(R^'")-c(r^*V. 

-S(0)rNR'-C(R^*)-C(R'R^"h, 

-C(R*R^'VC(R'R*)-NR*-C(0K 

-C(R^'VC{R^'V>C(QK 
20 -NR»^OHJ(R^'^C<R'R'V. 

-NR'-S(0)rC(R^^'VC(R*R*V. 

-0-C(OH5(R*RV;(R^'V. 

-C(R"R'VC(R'R*VC(0)-NR'-. 

-C(R»R*VC(R«R^(0K 
25 -C(R*R*VNR*-C(0)-0-. 

-ccr'r'Vo-ccovnr*. 
-ccr'r'Vnr'-ccoh^r'-. 

-NR'<:(0K)-C(R^^V. 

-NR*^(0VNR»-C(R*R'°)-. 
30 -NR'-S(0)rNR*-C(R^*V. 

-ac(oy-NR'-c(RWV. 

-C(0)-N=C(R")-NR*-. 
-C(0)-NR'-C(R")=N.. 
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-C(R'R'')-NR"-C(R»R'V. 
.NR"-C(R»R''V. 
-NR"-C(R'R'*VC(R*R"V. 
-C(0)-0-C(R'R^")-C(R'R'V. 
5 -NR'-C(R")aN-C(0)-. 

-c(r'r''Vc(r'r'Vn(r")-. 

-CCR^R'^^NR"-. 
-N=C(R")-NR*-C(0)-. 
-C(R^"VC(R"R'°)-NR*-S{0)2-. 
10 -C(R*R'°)-C(R'r"VS(0)2-NR^ 
-C(R*R'°)-C(R'R'°)-C(0H>-. 

-C(R*R^°)-S(0)rC(R*R'V. 
-C(R'R^'VC(R*R'")-S(0)r. 

.o-c(rVVc(R'r'V. 

15 -C(R*R'°)-C<R^^V>-. 

-CCR'R'V^OKCR'R^V 

-C(0)-C(R*R^'VC(R'R^ V and 

-C(R^'VNR'-S(0)rNR^ 

Q is a covalent bond or CH2: 
20 WisCHorN; 

X is CR^*", C=CH2 or C=0; 

YisCR^^'. OorNR*: 

ZisC=0, C=SorS(0)2: 

is hydrogen, halo, hydro)^, nitro, amino, cyano, phenyl, cartwxyl, -CXSNHj, -(Cr 
25 C4)alky( optionally independently substituted with one or more phenyl, one or more 

halogens or one or more hydroj^ groups, •<CrC4)alkoxy optionally independently 

substituted with one or more phenyl, one or more halogens or one or more hydro)^ 

groups, -(Ci-C4)sriMthio. phenoxy, •COO(Ci-C4)alkyi, N.N-dKCi-C4)allcylamino, 

-(CT-C^alkenyl optionally independently substituted with one or more phenyl, one or 
30 nrare halogens or one or more hydroxy groups, -(Cz-C«)aU^yl optionally 

independently substituted with on or more phenyl, on or more halogens or one or 

nnore hydra)^ groups, -<CrCa}^oaH(yl optionally independently substituted with 
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one or more (Ci-C4)alkyl groups, one or more halogens or one r more hydroxy 
groups, -<Ci-C4)alkyiamino cartx>nyl or di-<Ci-C4)alkylamino carbonyl; 

and are each independently selected from the group consisting of hydrogen, 
halo, hydroxy, •(Ci-C4)aiicyt optionally independently substituted with one to three 
5 halo groups and -(Ci-C4)all(oxy optionally independently sut>stituted with one to 
three halo groups; 

is hydrogen. -CN, -(CH2),N(X^(0)X*, -(CH2),N(X^C(0)(CH2)cA\ 
-<CH2),N(X^S(0)2(CH2)rA\ -(CH2)<,N(X*)S(0)2X', -(CH2),NpC*)C(O)Np0(CH2)rA\ 
-(CH2),N(X*)C(0)N(X«)(X^. -(CHjX,C(0)N(X^(X^. -(CH2),C(0)NPO(CH2)pA\ 
10 -(CHj),C(0)OX*', -(CH2),C(O)0(CH2)pA\ -(CH2),0X», •{CH2)qOC(0)X". 

-{CH2)<,OC(0)(CH2)rA\-(CH2)qOC(0)Np(*)(CH2)rA\-(CH2),OC(0)Np(^(X^. 
-(CH2),C(0)X*. -(CH2),C(0)(CH2VA\ -{CH2)qN(X^C{0)0X*', . ' ; 

-(CH2),N(X^S(0)2N(X*)(X^. -(CH2),S(0)„PC*, -(CH2),S(0)„(CH2)rA\ 
-(C,-C,o)alkyl. -{CH^A\ -<CH2),-<C3-C7)cycloalkyl. -(CH2)q-Y'-(CrC«)alkyl. 
15 -{CH2)irY^CHj)nA^ or-(CHjVYkCHj)r<CrC7)cycloall<yi; 

where the aikyi and cydoalicyl groups in the definition of are optionally 
substituted with (Ci-C4)allcyi. hydroxy, (Ci-C4)aikoxy, catboyyl, •CONH2. 
-S(0)m(CrCa)alkyt. -C02(CrC4)allcyl ester, IH-tetrazol-S-yl orl. 2 or 3 fluoro 
groups; 

20 Y' is 0. S(0)m. -C(0)NX*-. -CH=CH-, -C-C-. -NpC^C(OK -C(0)NX»-, 

-C(0)0. -OC(0)Np(V or -OC(0)-; 
q is 0,1, 2. 3 or 4; 
tisO, 1, 2or3; 

said (CH2), group and (CHj)! group in the definition of are optionally 
25 independently substitutsd with hydroxy, {CrC4allkaxy, caifoo)^, •CONH2, 

-S(0)m(CrC^licyl, -CQ2(CrC4)alkyi ester, IH-tetrazd^yl, 1, 2 or 3 fluoro 
groups or 1 or2 (CrC4)alkyl groups; 
Is selected from the group consisting of hydrogen. F. a. Br, I, (Ci-Ce)alicyl. 
phenyl(CrC3)alkyl. pyridyl(Ci-C3)alkyi, thiazolyKCi-Ca)alkyl and 1hienyKCi-Ca)alkyl, 
30 provided that R^* is not F. a. Br or I when a heteroatom is vicinal to C; 

R' is hydrogen, (Ci-C«)aikyl. -(CirC3)alkyKCrC8)cycloalkyl, -(CrOOalkyi^^ or A\ 
where the all^ groups aid th cydoall^ groups In the definition of R^ are 
optionally substituted wHh hydroxy, •C(0)OX', -C(0)Np(')(X^, 4tQ(^)Q^. - 
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S(0)m(C,-C6)alkyl, -C(0)A\ -C(0)(X^, CF3. CN or 1, 2 or 3 indep ndently 
selected halo groups; 
is selected from the group consisting of A\ (CrCio)alkyl, -(Ci-Ce)alkyl-A\ -(d- 
C6)alky|.(C3-C7)cycloalkyl, -(CrC5)alky|.X'-(Ci-C5)alkyl, KCrCs)alkyl-X'-(C<rC5)alkyl- 
5 A' and ^CrC5)alkyl-X^-(Ci-C6)alkyKCrC7)cydoalkyl; 

where the alkyi groups in the definition of are optionally substituted wrth 
-S{0)m(CrC6)alkyl. -C(0)OX^. 1. 2. 3, 4 or 5 independently selected halo 
groups or 1, 2 or 3 independently selected -OX^ groups; 
X' IS O. S(0)„. -N(X^)C(Oh -CCONPCV, -OC(OK -0(0)0.. ^cx'^cxS 
10 -N(X^)C(0)0-. OC(0)N(X^ or -CaC-; 

R^ is hydrogen, (Ci^Celalkyi or (CTC7)cycioalkyl. or R^ is taken together with R' and 
the cart>on atom to which they are attached and form (CrC7)cycioalkyl. (C^ 
C7)cyck>alkenyl, a partially saturated or fully saturated 4- to Snnembered ring having 
1 to 4 heteroatoms independently selected from tlie group consisting of oxygen, 
15 sulfur and nitrogen, or is a birdie ring system consisting of a partially saturated or 
fully saturated 5- or 6-membered ring, fused to a partially saturated, fiifly 
unsaturated or fiilly saturated 5- or 6-membered ring, optionally having 1 to 4 
heteroatoms independently selected from the group consisting of nitrogen, sulfur 
and o)^gen; 

20 X* Is hydrogen or (Ci-Ce)all^ or X!* Is taken together with R^ and the nitrogen atom 
to whk:h X* is attached and the cartx)n atom to which R^ is attached and form a five 
to seven membered ring; 



R« is a bond or Is ^^^"^ ; 




where a and b are each independently 0. 1, 2 or 3; 



25 



and are each independently selected from the group consisting of 
hydrogen, CFa, and optionally substituted (Ci-C6)alkyl; 



30 



the optionally substituted (Ci-Ce)alkyl in the definition of X^ and X^ is 
optionally substituted with a sut)stituent selected from the group 
consisting f A\ 0X^ -S(OUCi-Ca)alkyl. •C(0)OX^ (CrC7)cydoalkyl. 
.N(X')(X') and •C(0)N(X')p('); 



wo 98/58947 



PCT/IB98/00873 



-10- 

or th carbon bearing or forms on or two alkyi n bridges with the 
nitrogen atom bearing and wherein each alkylene bridge contains 1 to 
5 carbon atoms, provided that when one alkylene bridge is formed then only 
one of X® or X'* is on the carbon atom and only one of R^ or R* is on the 
5 nitrogen atom and further provided that when two alkylene bridges are 

fonrned then X^ and X^ cannot be on the cartoon atom and R^ and R^ cannot 
be on the nitrogen atom; 

or X^ is taken together with X^ and the cartx>n atom to which they are 
attached and form a partially saturated or fully saturated 3- to 7*membered 
10 ring, or a partially saturated or fully saturated 4- to 8-membered ring having 1 

to 4 heteroatoms independentiy selected from the group consisting of 
oxygen, sulfur and nitrogen; 

or X^ is taken togettier with and the carbon atom to vyhich they are 
attached and fomi a bicydic ring system consisting of a partially saturated or 

15 fiilly saturated 5- or 6-membered ring, optionally having 1 or 2 heteioatoms 

independentiy selected from ttie group consisting of nitrogen, sulfur and 
oxygen, fused to a partially saturated, fUlly saturated or fully unsaturated 5- 
or 6-membePBd ring, optionally having 1 to 4 heteroatoms independentiy 
selected from the group consisting of nitrogen, sulfur and oxygen; 

20 is a bond, O or N-X^ provkted that when a and b are both 0 ttien is not 

N-X^orO; 

R^ and R' are each independently hydrogen or optionally substituted (CrC6)aIkyl; 

where tiie optionally substituted (Ci-C«)alkyl in the definition of R^ and R' is 

optionally Independentiy substituted with A\ -C(0)CHCi*C6)alkyl. 
25 -8(0)m(Ci-C6)an^, 1 to 5 hak) groups, 1 to 3 hydroj^ groups, 1 to 3 

-0-C(0)(CrCio)aHcyf groups or 1 to 3 (Ci-C6)aikoxy groups; or 
R^ and R* can be taken together to form -(CHi^rL-CCHJr: 

where L is C{X^)(X^ S(0)m or N(X^: 
R* and R^° are each independentiy selected from the group consisting of hydrogen, 
30 fluoro, hydroxy and (Ci*Cs)alkyi optionally independentiy substituted witt) 1-5 halo 
groups; 
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r" is selected from the group consisting of (Ci-Cs)alkyl and phenyl optionally 
substituted with 1-3 substitutents each independently selected from the group 
consisting of (Ci-Cs)aikyl. halo and (Ci-Cs)alkoxy: 

R" is selected from the group consisting of (Ci-Cs)alkyisulfonyl. (Ci-C5)alkanoyl and 
5 (Ci-C5)allcyl where the alkyi portion is optionally independently substituted by 1-6 
halo groups; 

a' for each occurrence is independently selected from the group consisting of ((V 
C7)(ydoalkenyi. phenyl, a partially saturated, fully saturated or fully unsaturated 4- 
to S-membered ring optionally having 1 to 4 heteroatoms independently selected , 

10 from the group consisting of oxygen, sulfur and nitrogen and a blcydic ring system 
consisting of a partially saturated, fully unsaturated or fully saturated 5- or 6- 
membeied ring, optionally having 1 to 4 heteroatoms independentiy selected from 
the group consisting of nitrogen, sulfur and oxygen, fused to a partially saturated, 
fully saturated or fully unsaturated 5- or e-membersd ring, optionally having 1 to 4 

15 heteroatoms independently selectad from the group consisting of nitrogen, sulfur 
and oxygen; 

for each occurrence is independentiy optionally sut)stituted, on one or 
optionally both rings if A* is a birdie ring system, witti up to three 
substituents, each substituent bidependentiy selected from the group 
20 consisting of F, CI. Br, I, OCF3, OCFjH. CF3. CHj, OCH3. -OX*. 

-C(0)N(X^(Xf). -CCOPX*. 0x0. (Ci-Ca)a!l(yl. nitro. cyano, benzyl, -S(0)m(Ci- 
C«)ail(yl. 1H-t»trazol-5-yl, phenyl, phenoxy, phenylalkyloxy, halophenyl. 
methylenedioxy. -N(X^(X^. -N(X*)C(0)(X^. -S(0)2NpC*)(X^. 
-N(X^S(0)rphenyl. -N(X^S(0)2X'. .CO^^X"X'^ .S(0)2^IX"X*^ 
25 -NX?S(0)iX« -NX^CONX"X«. -NX^OjNX^X^ -NX»C(0)X«. Imidazolyl. 

IhiazoiyI and tetrazolyl. provided that if aMs optionally substituted with 
methylenedioxy then it can only be substituted with one mettiyienedioxy; 
where X^^ is hydrogen or optionally substituted (CrC6)alkyt; 

the optionally substituted (Ci-Ct)alkyl defined for X^^ is 
30 optionally independentiy substituted wittt phenyl, phenoxy. 

(Ci-C8)alkoxycarbonyi. -S(0),„(Ci-C6)alicyi. 1 to 5 halo groups. 
1 to 3 hydroxy groups, 1 to 3 (CrCio)alkanoylaxy groups or 1 
to 3 (Ci-C6)alkoxy groups; 
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X^^ is hydrogen, (Ci-CB)alkyl, phenyl, thiazolyl, imidazotyl. furyl or 
thienyl, provided that when X^^ is not hydrogen, the X^^ group is 
optionally substituted with one to three substituents independently 
selected from the group consisting of CI, F, CH3, OCH3, OCF3 and 
5 CPs; 

or X" and X^^ are taken together to form -(CH2)rL^CH2)r: 
is CPC^XX"). O, S(0)„ or N(X^): 
r for each occurrence is independently 1 , 2 or 3; 

X^ for each occurrence is independently hydrogen, optionally substituted (Ci- 
10 C6)alkyl or optionally substituted (CrC7)cycioaikyl, where the optionally substituted 
(Ci-C6)alkyl and optionally substituted (C3-C7)cycloalkyl in the definition of X^ are 
optionally independentiy substituted with -S(0)m(Ci-Ce)alkyl. -C(0)OX^ 1 to 5 halo 
groups or 1-3 OX^ groups; 

X^ for each occurrence is Independentiy hydrogen or (Ci-C6)alkyl; 

15 X^ for each occurrence is independentiy hydrogen, optionally substituted (Ci- 
C6)alkyl, (C2-C6)halogenated alkyl. optionally substituted (CrC7)cycloalkyl, (C3-C7)- 
halogenated cyctoalkyi, where optionally substituted (Ci-C6)alkyl and optionally 
substituted (CrC7)<vcloalkyl in ttie definition of X* is optionally independentiy mono- 
ordi-substituted witti (Ci-C4)alkyl. hydroxy, (Ci-C4)alkoxy, carboxyl, CONH2. 

2D -S(0)m(CrC6)alkyl, cart>oxylate (CrC4)alkyl ester or 1 H-tetiiazol-5-yl; or 

when there are two X^ groups on one atom and both X^ are independentiy (d- 
C6)alkyl, the two (Ci-C6)alkyl groups may be optionally joined and, together with the 
atom to whrch the two X^ groups are attached, form a 4- to 9- membered ring 
optionally having oxygen, suffur or NX^ as a ring member; 

25 is hydrogen or (Ci-C6)aikyl optionally substituted with hydroxy; 

m for each occurrence is Independently 0, 1 or 2; 
witti the proviso that 

X^ and X^^ cannot be hydrogen when attached to C(0) or SiOk In the form C(0)X^, 
C(0)X^^ S(0)2X* or S(0)2X^^ and 
30 when is a bond then L is HQC) and each r in the definition -{CHtirl<CH^r is 
ind pendenfly2or3. 

From herein on, th word ""compounds' includes a stersoisomeric mixture 
thereof, diastereomericaliy enriched, diastereomerically pure, nantiomericatly 
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enrich d or nantiomerically pure isomer thereof, r a prodrug of such compound, 
mixture or isomer thereof, or a pharmaceutically acceptable salt of the compourid, 
mixture, isomer or prodrug unless othen^se more specifically stated. 

A preferred group of the foregoing compounds, designated the A Group 
5 compounds, are those compounds of formula I wherein 
is hydrogen or methyl; X* is hydrogen; 

, ^/'^^ 

R«l8 ^^2). (CHa)b v^reZ'l8abondandais Oor1:X'andX*are 

each Independently selected from the group consisting of hydrogen. CF3. phenyl 
and optionally substituted (Ci-C6)alkyl; 
10 where the optionally substituted (Ci-C«)alkyi in the definition of ^ and X** is 

optionally substituted with OX^ or 

where A* in the defMtion of )^ and is imidazoiyi, phenyl, indolyl, 
p-hydroxyphen/l. (C8<:7)cycloalkyl. -S(OUCi-C«)alkyl. -Npc»)(X') or 
^(0)N(X*)(X*); 
IS is hydrogen or (CrC3)ali^l: 

or X" ar>d are taken together and fbnn a (Ci-Cs)all^lene bridge; and 

R* is hydrogen or (CrCi^Xk:^ optionally substituted with one or two hydroxy groups. 

A group of compounds which is preferred among the A Group compounds, 
designated the B Group, are those oom^iounds of the A Group wherein b is 0; X" 
20 and X^ are each independently selected from the group consisting of hydrogen, 
(Ci-Ci)alkyl and hydrQxy(CfCa)all(yl; and 

R' is selected from the group consisting of thienyl-CHrO-CHr, pyridyt-CHrO-CHr. 
thlazdyl-CHrO-CHr. 1-indolyl-CHr. 2-indoiyl-CH2-. 3-indolyl-CHr. 1-naphthyl-CHz. 
2-naphthyl-CHr. 1-benzimidazolyl-CHr. 2-b^midazolyl-CIH2-. phenyKCi-C4)a!kyl, 
2-pyridyKCi-C4)alkyK 3-pyridyl-(Ci-C4)aikyK 4-pyridyKCi-C4)alkyl-. phenyl-CHrS- 
CHr. thienyKC-C4)all<yl-, phenyKCo<:3)alkyl-0-CHr-. phenyl-CHrO-phenyl-CHr, 
phenyl-O-CHj-CHr and 3-benzothlenyl-CHr: 

where the aryl portion(s) of th groups defined for R^ are each ptionally 
substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methyienediocy, F, a. 
CH3. CX5H3, OCF,. OCFjH and CF3. 
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A group of compounds which is preferred among the B Group compounds, 
designated the C Group, are those compounds of the B Group wherein 
is hydrogen; a is 0; 

and are each independently selected from the group consisting of hydrogen. 
5 methyl or hydroxymethyl. provided that when X* is hydrogen then X** is not 
hydrogen; 

and R" are each hydrogen; and 
R^ is selected from the group consisting of 3-indolyl-CHj-, 1maphthyl-CHr. 2- 
naphthyl-CH2-, phenyKCi-C4)alkyl-, 2-pyridyKCi-C4)alkyl-, 3-pyridyl-(Ci-C4)alkyl-. 4- 
0 pyridyl-(Ci-C4)alkyl-. phenyJ-CHr-S-CHn thienyKCrC4)alkyl-, phenyl-{C<rC3)a!kyl-0 
CHr, 3-ben20thienyl-CHr, thienyl-CHz-O-CHr. thiazolyl-CHrO-CHr, pyridyl-CHzr 
0-CHr and phenyl-OCHj-CHr; 

where the aryl portion(s) of the groups defined for R^ are each optionally 
substituted with one to three substituents, each substituent being 
5 independently selected from the group consisting of methyienedio^^. F, Ci. 

CHa, OCH3, OCF3. CX:F2H and CF3. 

A group of compounds which is preferred among the C Group compounds, 
designated the D Group, are those compounds of the C Group wherein 
is -(CH2>rA\ -(CH2)^C3-C7)cycloalkyl or {Ci-Cto)allcyl; 
D A^ in the definition of is phenyl, pyridyl, thiazolyl or thienyl, optionally 

substituted with one to three substituents. each substituent being 
independently selected from the group consisting of F, CI, CH3, OCH3. 
OCF2H. OCFjand CF3: 

the cycloalkyi and alkyi groups in the definitton of R^ are optionally 
5 sut>stituted with (CrC4)alkyl, hydroxy, (Ci-C4)alkoxy or 1 to 3 fluoro atoms; 

qis 1 or 2; t is 1 or 2; 

R' is phenyl-CHrO-CHr. phenyl-CHrS-CHr. pyridyl-CHrO-CHr, thienyl-CHrO 

CHr, thiazdyl-CHrCMJHr. pheiiyKCH2)r or Wndolyl-CHr; 

where the cart>on atom bearing the substituent R^ is of the (R>-configuration; 
D where the aryl portion of the groups defvied for R^ is opttonally substituted 

with one to three substituents, each substituent being indep ndently 
selected from th group consisting of F, CI, CH3, OCH3, OCF2H, OCF3 and 
CF3; and 
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10 



15 



20 



25 



and are ach methyl. 

A group of compounds which is preferred among the D Group compourxls, 
designated the E Group, are those compounds of the D Group wherein 



A group of compounds which is prefenred among the E Group compounds, 
designated the F Group, are those compounds of the E Group wherein 
Z is S(0)2; Q is a covalent bond; X is CH2; and 
YisCHzorNR^; 

is hydrogen, (CrC5)alkyl or.(Co-C2)alkyl-(C3-Ce)cycloalkyl; 

where the alkyl and cydoali^ groups in the definition of are optionally 

substituted with 1, 2 or 3 fluoro groups. 

A group of compounds which is preferred among the F Group compounds, 
designated the G Group, are those conipounds of the F Group wherein Y is CH2. 

A group of compounds wtiich is preferred among the G Group compounds, 
designated the H Group, are those compounds of the G Group wherein 
R^ is -CHz-A^ wtiere A^ is phenyl, pyridyi or thiazolyl. optionally substituted witti one 
to three substituents, each substituent being independentty selected from the group 
consisting of F, CI, CH3. OCH3, OCF2H, OCF, and CF3: and 
R' is selected from ttie group consisting of a-indotyl-CHr. phenyKCHz)?-. phenyl- 
CHrO-CHr and thiazolyl-CHrOCHz-, where tire aryt portion of ttie groups defined 
fbr R' is optionally substituted witt) one to ttiree substituents, each substituent being 
independentiy selected from the group consisting of methylenedioxy, F, CI, CH3, 
OCH3. OCF3, OCF2H and CF3. 

A preferred compound of ttie H Group is the 3a(R,S),1(R) diastereomeric 
mixture, ttie 3a(R),1(R) diastereomer or ttie 3a(S),1(R) diastereomer of 2-amino*N- 
[2-<3a4)en^1 ,1-dioxo^exahydro-1-thia-5,7a<Daz^ 
2-oxo^ttiylI-2Hratiiyl-propi namide. 

Another group of compounds which is preferred among the E Group 
compounds, designated ttie I Group, are ttiose compounds of ttie E Group wherein 



HETis 
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Z is C=0; Q is a coval nt bond; X is CH2; and Y is NR^ 

is hydrogen, (Ci-Cs)alkyl or-(Co-C2)alicyl-(CrC6)cycloalkyl; 
where the alkyi and cydoalkyi groups in the definition of are optionally 
substituted with 1, 2 or 3 fluoro groups. 
5 A group of compounds which is preferred among the I Group compounds, 

designated the J Group, are those compounds of the I Group wherein 
R^ is -CHM^ where is phenyl, pyridyt orthiazolyl, optionally substituted with one 
to three substituents, each substituent being independently selected from the group 
consisting of F, CI, CH^. OCH3. OCF2H, OCF3 and CF3: 

10 R^ is hydrogen or (Ci-C3}alkyl optionally substituted with 1*3 fluoro groups; and 

R^ is selected from the group consisting of S-indolyf-CH^, phenyK(CH2)3-, phenyl- • 
CHrO-CHj-and thiazolyKJHrOCHz-, where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents. each substituent being 
independentiy selected from the group consisting of methylenedto)^, F, CI CH3, 

15 OCH3. OCF3. OCF2H and CF3. 

A prefemed compound of the J Group is the 8a(R,S),1(R) diastereomeric 
mixture, the 8a(R),1(R) diastereomer or the 8a(S),1(R) diastereomer of 2-amino*N- 
[2-(8a-benzyl-2-methyl*3-oxo-hexahydro-imidazo[1 ,5-a]pyrazirv7-yl)-1- 
benzyloxymeUiyl*2-oxo-ethyl}-2-methyHpnopionamide. 

20 Another group of compourKjs wtuch is prefemed among the E Group 

compounds, designated the K Group, are those compounds of the E Group wherein 
Z is .0=0; Q is a covaient bond; X is CH2; and Y is O. 

A group of compounds which is preferred among the K Group compounds, 
designated the L Group, are those compounds of the K Group wherein 

25 is -CHrA^ where A* is phenyl, pyridyt or thiazolyl, optionally substituted witii one 
to three substituents, each substituent being independentiy selected from the group 
consisting of F, a. CHa, OOH3, OCF2H, OCF3 and CF3; and 
R' is selected from the group consisting of 3-indolyl-CHr, phenyKCH2)r, phenyl- 
CH2-0-CHr and thiazolyl-CHrOCHr. where the aryl portion of the groups defined 

30 for R^ is optionally substituted with one to three substituents, each substituent being 
independ ntiy selected from the group consisting of methylenedio)^, F. CI. CH3, 
OCH3, OCFa, OCFaH and CF3. 
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A group of compounds which is preferred amor)g the L Group compounds, 
designated the M Group, are where the compound is the 8a(R.S),1(R) 
diastereomeric mixture, the 8a(R).1(R) diastereomer orthe 8a(S),1(R) diastereomer 
of the compound selected from the group consisting of 
5 2-amino-N-[2-(8a4)erizyl-3-oxo-tetrahydrc>^xazolo[3,4-a]pyrazin-7^^ 
benzyloxymethyl-2-oxo-ethyl]-2-methyl-propionamtde, 
2-amino-N414)enzyloxymethyl-2-<>xo-2-(3-oxo-8a-thiazoM-ylmeft^^ 
oxazolop.4-a]pyra2lrh7-yl)-ethyll-2-methyl-propionamide and 
2-amino-^K1-benzyloxymethy^2-oxo-2'<3-oxo-8a-pyridirv3-ylmett^ 
10 oxazolo[3.4-a]pyrazin-7-yf)-ethyl>2-methyl-propionamide. 

Another group of compounds which is preferred among the E Group 
compounds, designated the N Group, are those compounds of the E Group wherein 
Z Is OO or S(0)2; Q is a covalent bond; X is C=0; and Y is NR^; 

R^ is hydrogen, (Ct-C5)alkyl or-(C(rC2)alkyl-(CrCs)cydoancyl; 
15 where the alkyi and cycloalkyi groups in the definition of are optionally 

substituted with 1. 2 or 3 fluoro groups. 

A group of compounds wtiich is preferred among the N Group compounds, 
designated the O Group, are those compounds of the N Group wherein 
Z is C=0; R^ is -CH2-A\ where in the definition of is phenyl or pyridyl where 
20 said phenyl or pyridyl Is optionally substituted wtth one to three substituents, each 
substituent being Independentiy selected from the group consisting of F, CI. CHa, 
OCH3, OCF2H, OCF3 and CF3; and 

R^ is phenyl-CHrO-CHz-. pyridyl-CHrO-CHr, phenyKCHiV. S-indolyl-CHr or 

thiazolyKJHrO-CHr, where the aryl portion of tiie groups defined for R^ is 
25 optionally substituted with one to ttiree substituents, each substituent being 

independentiy selected from the group consisting of methylenedioxy, F, CI. CH3, 

OCH3. OCF3. OCF2H and CF3. 

A group of compounds which is preferred among tt>e O Group compourKls. 

designated the P Group, are those compounds of flie O Group wherein 
30 R^ is hydrogen or (Ci-C3)alkyl where tiie aikyi group is optionally substituted with 1*3 

fluoro groups. 

A group of connpounds which is preferred among the P Group compounds, 
designated ttie Q Group, are thos compounds of tti P Group wherein 
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is phenyl-CHrO-CHr or phenyKCH2)r, where the phenyl in th definition of 
is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy, F, CI. CH3, 
OCH3, OCF3. OCF2H and CF3. 
5 A group of compounds which is preferred among the Q Group compounds, 

designated the R Group, are those compounds of the Q Group wherein 
R^ is -CHrA^ where A^ is phenyl. 2-pyridyl, 3-pyridyl. optionally substituted with 1-3 
fluoro groups or 1-3 Chloro groups; 

R^ is methyl or ethyl where the ethyl group is optionally substituted with 1-3 fluoro 
10 groups; and 

R^ is phenyl-CHrO-CHr. where the phenyl is optionally substituted with 1-3 fluoro . 
groups, 1-3 Chloro groups or 1-2 CF3 groups. 

A preferred compound of the R Group is the 1(R),8a(R.S) diastereomeric 
mbcture. the 1(R).8a(R) diastereomer or the 1(R),8a(S) diastereomer of 2-amino-N- 
15 {1-(2.4-difluoro-benzyloxymethyl)-2-(1 ,3-dioxo-8a-pyridin-3-ytmettiyl-2-(2,2,2- 
trifluoro-ethyl)-hexahydro-imidazo[1 ,5-a]pyrazin-7-ylp2-cxo-ethyi>-2-methyi- 
propionamide. 

A group of compounds which is preferred among the R Group compounds, 
designated tiie S Group, are those compounds of the R Group wherein 
20 R^ is -CHrA^ where A^ is phenyl optionally substituted with 1*2 chloro groups or 1-2 
fluoro groups; 

R^ is methyl or-CHjCFs; and 

R^ Is phenyl-CHrO-CHr. optionally substituted witti 1-3 fluoro groups, 1-3 chloro 
groups or 1-2 CFs groups. 
25 A group of compounds which is preferred among ttie S Group compounds, 

designated the T Group, are tiiose compounds of the S Group where ttie compound 
is selected from ttie group consisting of 

2-amlno-N-[2-(8a-(R,S>-benzyl-2-methyl-1 ,3-dioxo-hexahydro-imidazo[1 ,5-alpyrazin- 
7-yt)-1-(R)-benzyloxymettiyl-2-oxo-ethyl}-2-methyi-propionamide. 
30 2-amino-^H1-(RH>enzyloxymetilyl-2-(8a-(R,SH4-fluoro-benzy^ ,3^Ioxd- 
hexahydro-imida2»[1,5-a]pyrazin-7-yQ-2-oxo-ettiyl>-2-mettiy^^ and 
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2-amino-N-{2-{8a-(R,S)-benryH .3-dioxo-2-(2,2,2-trifluoro-ethyl)-hexahydr(>- ' 

imidazo(1,5-a]pyrazin-7-yll-1-(R)4>enzyloxymethyl-2K>x^^ 

propionamide. 

The following compounds are particularly preferred of the T Group 
5 compounds: 

2-amino-N-[2-(8a-(RH>en2yl-2-methyH ,3-dioxo-hexahydro-imidazo[1 ,5-alpyrazin-7- 
yl)-1-(R)-benzyloxynfiethyl-2-oxo-ethyl]-2-methyl-propionamide; 
2-amino-fsK2-{8a-(SH)en2yl-2-methyl-1 ,3-dioxo-hexahydro-imida2o[1 ,5-a]pyrazin-7- 
yl>1-(RH)enzyloxymethyl-2-oxo-ethyll-2-methyl-propionamide; 
2-amino-N-{1 KRH>^^2yloxymethy^2^8a-(RH4-fluoro-be^zyl)-2•^ethy^ ,3^ioxo- 
hexahydroHmidazo[1,5-aJpyrazirv7-yl}-2-oxo-ethyl}-2-nriethyH5ro 
2-amino-N-{1 -(R)-ben2yloxynfwthyl-2-[8a-(SH4-fluorc>-ben2yl)-2-methyl-1 ,3-dioxo- 
hexahydroHmidazo(1,5-alpyrazirH7-yl}-2-oxo-ethyl}-2H7iethyl-propto 
2-amino-N-{248a-(R^ben2yl-1.3-dioxo-2-<2,2,2-trifluorx>-emyl^ 
imidazo[1 ,5-a]pyrazirv7-yl]*1-(RH>6rizyloxymethyl-2-oxo-ethyI^^ 
propionamide; and 

2-amirio-N-p-^8a-(S)-ben2yl-1,3-dioxo-2K2,2.2-trifluoro-eth^ 
imidazo[1 . &-a]pyrazirv-7*yi}-1-(R)-ben2y toxyme%l-2-oxo-ethyl}-2HneA^ 
propionamide. 

Another group of compounds which is prafemed among the R Group 
compounds, designated the U Group, are those compounds of the R Group wherein 
R^ is -CHz-A^ where is 2-pyridyl optionally substituted with 1-2 chioro groups; 
R^ is methyl or -CH2CF3; and 

R^ is phenyl-CHrO-CHr, optionally substituted with 1*3 fiuoro groups. 1-3 chioro 
groups or 1-2 CFa groups. 

A group of compounds which is preferred among the U Group compounds, 
designated the V Group, are those compounds of the U Group where the compound 
is 

2-amino-N-[1-(R)-befi27texymethyl-2K2-nfiethyl-1,3<lioxo-8a-(R,S)-py 
ylmethyl4)exahydro-OTiidazo[1.5-a]pyrazin-7-yl)-2-oxo-ethyl]-2 
2-amino-N-(1-(R)4>erizyk»^ethyl-2*[1 ,3^^ 
trtfhi ro-ethyl)4iexahydroHmidazo[1,5-a]pyrazin-7-yQ-2-^ 
propionamide, 
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2-amino-N-{1-(R)-(2,4-dffluora-benzytoxymelhyl)-2-[1.3<lioxo^ 
ylmethyl-2-(2,2,2-trifiuoro-ethylVhexahydro-imidazo[1,5-a]pyTO^ 
2-methyi-propionamide, 

2-«mino-N-[2-[1,3<ltoxo-8a-(R,S)-pyridirv-2-y!methyf-2-(2,2.^ 
5 hexahydrx>-imidazo[1 ,5-alpyrazin-7-ylI-2K>x(>-1-(RH2-trifluonome1hyl- 
benzyloxymethyl)-ethylI-2-methyl-propjonamide or 

2-amino-N-{1 -(RH4-chloro-benryloxymethyl)-2-[1 .3-dioxo-8a-(R.S)-pyridjrv2- 
ylmethyi-2-(2,2,2-trifluoro-ethyO-hexahydro-im 
2-methyl-propionamide. 
10 The following compounds are particularly prefen^ of the V Group 

compounds: 

2-amino-N-{1 -(R)-benzyloxyniethyl-2-{2-methyH ,3-dioxc>-8a-(R)-pyridin-2-yimethyl- 
hexahydrx>-imidazo[1,5*a]pyrazin-7*yO-2-<)xo-ethyl]-2-methyl-propion 
2-aniino-N-{1-(R)-benzyloxymethyl-2-<2-methyl-1,3-dioxo-8a-<S)-py 
15 hexahydro-imidazo[1 ,5-a]pyrazin-7*yl)-2-ox(>^thyl]-2-methyi-proplonamjde; 
2-amino-N-(1-(R)-b6nzyto)^ethyt-2-[1,3-dioxo-8a*(RH>yridir>-2-^ 
tnfluoro-ethylHi6xahydrO"irrudazo[1,5-a]pyrazin-7-yQ^^ 
propionamide; 

2-aminc>-hK1KR)*benzyloxymethyl-2-[1,3-dioxo-8a-(S)-pyridi^^ 
20 trifluono-ethyl)-hexahydro-imtdazo[1 ,5-a]pyrazin*7-yl}-2*oxo-ethy!}-2-fnethyl- 
propionamide; 

2-amino-N-{1-(RH2,4-difluoro-benryloxyrnethyl)-2-I1,3^^ 
ylmethyl-2-(2,2,2-trifiuoro-ethyl)-hexahydro4midazo[1.5^^ 
2Hrnethyl-propionamide; 
25 2-amino-N-(1-(R)-(2.4-difiuorx>-benzyloxymethyl)-2-[1 ,3-dioxo-8a-(S)-pyridin-2- 
ylmemyl-2-(2,2,2*trmuoro-ethyl)-hexahydro-imidazo[1,&-a]pyra^ 
2*methyl-propionamide; 

2-amino-N^2^1,3<lioxo-8a-(R)-pyridin-2-ylmethyl-2-(2,2,2-trifl^ 
imidazo[1,5-a]pyrazin-7-yl]«2-oxo-1-(RH2-trifluoromethyi-be 
30 methyi-propionamide; 

2«^ino-N-[241,3Kiioxo-8a-(S)-pyridln-2-ylmethy^^ 
imidazo[1 ,5-a]pyrazin-7-yip2K)xo-1-(RH2-1rifluoromemyl^^ 
m thyl-propionamlde; 
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2-amino-N^1-(RH4<hloro-ben2ytoxymethyl)-2-[1,»^^ 
2-(2,2,2-trifluoro-€thylHiexahydro-imida20[1.5-alpyr^^ 
propionamide; and 

2-amino-N41-(RH4-chloro-benzyloxymethyl)-2-[1>dioxo-8^ 
5 2-(2.2,2-trifluoro-ethyl^hexahydrc>-fmidazo[1>alpyrazirv7-^ 
propionamide. 

Another group of compounds which is preferred among the E Group 
compounds, designated the W Group, are those compounds of the E Group 
wherein 

10 Z is OO; Q is a covalent bond; X is OO; and Y is CH2. 

A group of compounds which is preferred among the W Group compounds, 
designated the X Group, are those compounds of the W Group wherein 

is -CHt-A^ where A^ is phenyl, pyridyl orthiazoiyi, optionally sut>stituted with one 
to three substituents. each substituent being independently selected from the group 
15 consisting of fluoro. chloro, methyl, OCH^, OCFJH, OCF3 and CFa; and 

is selected from the group consisting of 3-indolyl-CHr. phenyl-(CH2)3-. phenyl- 
CH2O-CH2- and thiazotyl-CHrO-CHz-r where the aryl portion of the groups defined 
for R^ is optionaRy substituted with one to three substituents, each substituent being 
independentiy selected from the group consisting of methylenedioxy, F, CI, CHa, 
20 OCH3. OCF3. OCF2H and CF3. 

A preferred compound of the X Group is the 1(R}, 8a(R,S) diastereomeric 
mixture, the 1(R),8a(R) diastereomer or the 1(R),8a(S) diastereomer of 2-amino-N- 
{1-benrytoxymettiyl-2-{8a-(4-fluoro-benzyl)-6,&<lioxo-hexahydrx^ [1,2- 
a]pyrazin-2-yl}-2-oxo-ethyl}-2-methyl-propionamide. 
25 Another group of compounds which is preferred among the 0 Group 

compounds, designated the Y Group, are those compounds of the D Group wherein 
HETis 
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A group of compounds which is preferred among the Y Group corhpoiinds. 
designated the Z Group, are those compournls of the Y Group wherein 
WisN;dis1;eisOor1; 

is hydrogen, (Ci-Cs)allcyl or-(CcrC2)alkyKC7<^)cydoalkyi; 
5 where the alkyl and cycioalkyl groups in the definition of are optionally 

substituted with 1, 2 or 3 fluoro groups; 
G^ is hydrogen, halo, hydroxy. -(Ci*C2)alkyl optionally independently substituted with 
one to three halo groups or -(Ci-C2)alkoxy optionally independently substituted with 
one to three halo groups; 
10 G^ is hydrogen, halo, hydroxy, -(Ci*C2)allcyi optionally independently substituted with 
one to three halo groups or -(Ci-C2)alkoxy optionally independently substituted with 
one to three halo groups; and 
G^ is hydrogen. 

A group of compounds which is prefemed among the Z Group compounds, 
15 designated the AA Group, are those compounds of the Z Group wtierein 

R^ is hydrogen or (Ci-C3)alkyl optionally substituted with 1-3 fluoro groups; 

R^ is selected from the group consisting of 3-aidolyl-CHr. phenyKCH2)r. phenyl* 

CHz-O-CHr and thiazolyl-CHrO-CHr. where the aryl portion of the groups defined 

for R' is optionally substituted with one to three substituente, each substituent being 
20 independently selected from the group consisting of methytenedioxy, F, CI, CH3, 

OCH3, OCF3, OCF2H and CF3; and 

G\ G^ and G^ are each independently hydrogen, CI or F. 

A preferred compound of the AA Group is 2-anMno-N-[1-(RH1H-indol-3- 

ylmethyl)-2-oxo-2-{9-oxo-1.2,4a.9-tetrahydro-4H-3,9a-diaza-fluoren-^ 
25 methyt-propionamkle. 

Another group of compounds which is preferred among the C Group 

compounds, designated the AB Group, are those compounds of the C Group 

wherein 

HETls 




30 O 
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A group of compounds which is preferred among th AB Group compounds, 
designated the AC Group, are those compounds of the AB Group wherein 

and are each methyl; d is 1; e is 1; 
R' is -(CHzVA', -(CH2),-(Cs-C7)cycloalKyl or (C,-C,o)alKyl: 
5 A^ in the definition of is phenyl, pyridyl, thiazotyl or thienyt, optionally 

substituted with one to three substituents. each substituent being 
independently selected from the group consisting of F. CI, CH^. OCH3. 
OCFzH, OCFsandCF,; 

the cycioalkyt and alkyi groups in the definition of R^ are optionally 
10 substituted with (CrC4)alkyl, hydroxy, (Ci-C4)alkoxy or 1 to 3 fluoro groups; 

tis1 or2:qis1 or2;and 
R' is hydrogen, (Ci-C5)alkyl or -(Co<)2)all<yKCrC»)cycloalkyl; 

where the allq^l and cycioalkyt groups in the definition of R' are optionally 

sutJstitutBd with 1, 2 or 3 fluoro groups. 
15 A group of compounds which is ppefemed among the AC Group compounds, 

designated the AD Group, are those compounds of the AC Group wherein 
R^ is (Ci-C«)alkyi optionally substituted with 1-3 fluoro groups; 
R' is hydrogen or (CrC3)aikyt opttonally substituted with 1-3 fluoro groups; and 
R' is selected from the group consisting of 3-indolyl-CHr. phenyt-(CH2)r. phenyl- 
20 CH2-CK;H2- and thiazolyl-CHrO-CHr. where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedio;^, F, CI, CH3, 
OCHs, OCF3. OCFzH and CF3. 

A preferred compound of the AD Group is 2-amlno-N-[2-<2.3-dimethyl-4-oxo- 

25 3,5,7,8-tetrahydro-4H.pyrido(4,3-dlpyrimidin-6-yl)-1-(RH1 H-indol-3-ylmethyl)-2-OXO- 
ethyQ-2-methyi-propionamKle. 

Another group of compounds which is preferred among the D Group 
compounds, designated the AE Group, are those compounds of the D Group 
wherein 
30 HETis 
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A group of compounds which is preferred among the AE Group compounds, 
designated the AF Group, are those compounds of the AE Group wherein 
A is -NR^-C(0>-O; d is 1; e is 1; 
5 is -(CH2)rA\ -(CH2X,-(CrC7)cydoalkyl or (CrC,o)allcyl; 

A^ in the definition of is phenyl, pyridyl, thiazolyl or thienyl, optionally 

substituted with one to three substituents, each substituent being.. 

independently selected from the group consisting of F, CI, CH3, OCH3, 

OCF2H, OCF3 and CF3; 
10 the cydoalkyi and alkyi groups in the definition of R^ are optionally 

substituted with (Ci-C4)alkyl, hydroxy. {Ci-C4)aIkoxy or 1-3 fluoro groups; 

t is 1 or 2; q is 1 or 2; 
R^ is hydrogen or methyl; and 

R^ is hydrogen, (Ci^)alkyl. -(CfrC2)alkyKCrC8)cycloalkyl or (Ci-Ca)alky|.A\ where 
15 A^ in the definition of R^ is pyridyl; 

where the atkyi and cydoalkyi groups in the definition of R^ are opttonally 
substituted with 1-3 fluoro groups. 

A group of compounds which is preferred among the AF Group compounds, 

designated the AG Group, are those compounds of the AF Group wherein 
20 R^ is -CHrA^ where A^ is phenyl, pyridyl or thiazolyl, optionally substituted with one 

to three substituents, each substituent being independently selected from the group 

consisting of F. CI, CH3. OCH3, OCF2H, OCF3 and CF3; 

R^ is hydrogen or (Ci-C3)alkyi optionally substituted with 1-3 fluoro groups; 

R^ is selected from the group consisting of 3Hndolyl-CHr • phenyKCH2)r. phenyl- 
25 CH2-0-CHr and ttiiazolyi-CHrO-CHr, where the aryl portion of ttie groups defined 

for R^ is optionally substituted with one to ttiree substituents, each substituent being 

Independentiy selected from the group consisting of methylenedtoxy. F. CI, CH3, 

CX:H3. OCF3, OCF2H and CF3; and 

R^^ishyctogen. 
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A gtx)up of compounds %vhich is preferred among the AG Group compounds, 
designated the AH Group, are those compounds of the AG Group where the 
compound is the 3a(R.S)-7a(R.S) diastereomeric mixture, the 3a(R).7a(R) 
diastereomer. the 3a(S),7a(S) diastereomer, the 3a(R).7a(S) diastereomer orthe 
5 3a(S).7a(R) diastereomer of the compound selected from the group consisting of 
3a-7a-2-amino-I^K2-(3a-t)en^2-oxo-hexahydR>-oxazolo[4.5-c]f^ridin-5-yl)-1-{R> 
k)enzyio)^methyi-2-oxo-ethyl]-2-methyi-propionamide, 
3a-7a-2-amino-N41-(R)-t)enzyio)^rnethyl-2-(3-methyl-2-<)xo-3a-pyridffi-3-y^ 
hexahydro<>xazolo[4,5<]pyridin-5-yl)-2-oxo-ethyq-2-methyi-propionamide. 

1 0 3a-7a-2-amino-N-{2-(3a-benzyl-3-methyl-2K>xo-hexahydro-oxazolo[4,5-c]pyri 
yl)-1-<RH1H-indol-3-ylmethyl)-2-oxo<thylI-2-rnethyl-pK)pionamide and 
3a-7a-2-amino-N-[1-(R)-benzyi(»cymethyl-2-oxo-2-(2-oxo-3a-pyridin-2-ylme^ 
hexstfiydro-Qxazolo[4.5-c]pyridln-5-yl)-ethyl]-2-methyl-propionamide. 

Another group of compounds which is preferred among the AE Group 

15 compounds, designated the Al Group, are those compounds of the AE Group 
wherein 

A is -C(0)-NR'-CHr. -C(0)-O.CHr. -C(0)-NR^-C{OK -CHrNR^-CHr or 

-C(0)-NR*-CHrCHr: 

dis1;eis1; 

20 R' is -(CHa)rA\ -(CHj)^CrC7)cycloalkyl or (Ci-C,«)alkyl: 

A* in the definition of R* is phenyl, pyridyl, thiazolyl or thienyl. optionally 
substituted with one to three substituents, each substitumt k)eing 
independently selected from the group consisting of F, CI, CH3, OCH3, 
OCF2H,OCFsandCF3; 

25 the cydoalkyi and aH^i groups in the definition of R^ are optionally 

substituted with (Ci-C4)alkyl. hydro)^. (Ci-C4)alkoxy or 1-3 fluoro groups; 
tis 1 or 2; q is 1 or 2; 
R^* is hydrogen or methyl; and 

R* is hydrogen. (Ci-CsjalkyI, -(Co-C2)alkyKCrC«)cydoalkyl; 
30 where the alkyi and cydoalkyi groups in the definition of R' are opttonaliy 

substituted with 1-3 fluoro groups. 

A group of compounds which is preferred among the Al Group compounds, 
designated the AJ Group, are those compounds of the Al Group wherein 
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is -CHrA' VKhere A* is phenyl, pyridyl or thiazolyl. optionally substituted with ne 
to three substituents. each substituent being independently selected from the group 
consisting of F. CI, CHj, OCH3. OCF2H. OCF3 and CF3: 
R^is hydrogen or (Ci-C3)alkyl optionally substituted with 1-3 fluoro groups; and 
6 R' is selected from the group consisting of S-indolyl-CHr. phenyl-(CH2)r. phenyl- 
CHrO-CHr and thiazolyl^rOCHr. where the aryl portion of the groups defined 
for is optionally substituted with one to three substituents. each substituent being 
independently selected from the group consisting of methylenedioxy. F, CI, CH3, 
OCHa, CXJFa, CXJFjH and CF3: and 
10 R^* is hydrogen. 

A group of compounds which is preferred among the AJ Group compounds, " 
designated the AK Group, are those compounds of the AJ Group where the 
compound is selected from the group consisting of 

2-amino-N-I1-{RH1 H-indol-3-ylmethyl)-2-(2-methyl-1 ,3-dioxooctahydrx>-pynoloI3,4- 

15 c]pyridin-5-yl)-2-oxo-ethyQ-2-methyl-propionamide. 

the 3a(R,S),1(R) diastereomeric mixture, the 3a(R).1(R) diastereomer or the 

3a(S),1(R) diastereomer of 2-amino-N-{2-(3a-ben2yt-3K>xo-octahydro-pyrrolo{3,4- 

c]pyridin-5-yl^1-benzylOKyrnethyl-2-oxo-ethyl}-2-methyl^pioriamlde, 

the 3a(R,S),1(R) diastereomeric mixture, the 3a(R).1(R) diastereomer or the 

20 3a{S).1(R) diastereomer of 2-amlno-N-{2-(3a-benzyl-3oxo-hexahydro-furo[3.4. 
c]pyridin-5-yl)-1-benzylo)^ethyl-2-OM>-ethyl]-2-methyl-propionamide. 
the 3a(R.S),1(R) diastereomeric mixture, the 3a(R),1(R) diastereomer or the 
3a(S),1(R) diastereomer of N-[2-(2-acetyl-3a-benzyl-octahydrD-pynrolo[3,4-c]pyridin- 
5-yf)-(1 H-indol-2-ylmethyl)-2-oxo-ethyl}-2-amino-2-methyl-propionamide and 

25 the 8a(R,S),1(R) diastereomeric mixture, the 8a{R),1 (R) diastereomer or the 
8a(S),1(R) diastereomer of 2-amino-NH2-(8a-benzyl-7-methyl-8-oxo-octahydrx>- 
[2,7lnaphthyridiri-2-yl)-1-benzyioxymethyi-2-oxo-ethyl]-2-rnethyi-propionamide. 

Another group of compounds which is preferred among the AE Group 
compounds, designated the AL Group, are those compounds of the AE Group 

30 wherein 

R' ls-(CH2)rA\ -(CHaV(C3<:7)<ycloalkyl or (C,-Cio)alkyl; 

A^ In the definition of R^ is phenyl, pyridyl. thiaz lyl r thienyl, optionally 
substituted with one to three substituents. each substituent being 
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5 



ind pendently selected from the group consisting of F, CI, CHa, OCH3, 
OCFaKOCFaandCFa: 

the cydoalkyi and alkyi groups in the definition of are optionally 
substituted with (Ci-C4)alkyl. hydroxy, (Ci-C4)alkoxy, or 1-3 fluoro groups; 
tls1or2;qis1or2: 



R^^ is hydrogen or methyl; 

R^ is hydrogen. (Ci-Cs)alkyl or-(C<rC2)alkyKCrC8)cydoalkyl; 

where the aikyi and cydoalkyi groups in the definition of R^ are optionally 
substituted with 1-3 fluoro groups; 
10 dis1;eis1;and 

R' and R^® are each hydrogen. 

A group of compounds which is preferred among the AL Group compounds, 

designated the AM Group, are those compounds of the AL Group wherein 

R^ is -CHrA^ where A^ is phenyl, pyridyl or thiazolyl, optionally substituted with one 
15 to three substituents, each substituent being independently selected from the group 

consisting of F, CI, CH3, OCH3, OCF2H. OCF3 and CF3; 

R^is hydrogen or (Ci-C3)alkyl optionally substituted with 1-3 fluoro groups; and 

R' is selected from the group consisting of 3-nidolyl^Hr. phenyKCH2}3-. phenyl- 

CHrOCHz- and thiazolyl-CHrO-CH2-, where the aryl portton of the groups defined 
20 for R' is opttonaliy substituted with one to three substituents, each substituent being 

independently selected from the group consisting of methyienedioxy, F, CI, CH3, 

OCH3, OCF3. OCF2H and CF3; and 

R^ is hydrogen. 



25 compounds, designated the AN Group, are those compomds of the C Group 
where?) 



Another group of compounds which is preferred among the C Group 



HETis 




Z is C=0 or S(0)2; Q is a covaient bond; X is C=0; Y is NR^; 
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is hydrogen, (Ci-Cs)alkyl or-(Co-C2)alkyl-(C3-C8)cycloalkyl; where the alkyi 
and (^cloaflcyl groups in the definition of are optionally sut>stituted with 1, 
2 or 3 fluoTD groups; 
R^ is hydrogen; and 

5 R' is selected from the group consisting of phenyl-CHrO-CHr, pyridyl-CHrO-CHr, 
phenyKCH2)r. 3-indolyl-CHr and thlazolyf-CHrO-CHr. where the aryl portwn of 
the groups defined for R^ is optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of 
methylenedfoxy. F. CI. CH3. CXJHa. OCF3. OCFjH and CF3. 
10 A group of compounds which Is preferred among ttie AN Group compounds, ,* 

designated the AO Group, are those compounds of tiie AN Group wherein Z is 
C=0: R^ is hydrogen or (Ci-C3)alkyi optionally substituted with 1-3 fluoro groups. 

A group of compounds which Is preferred among the AO Group compounds, 
designated the AP Group, are Ox>se compounds of the AO Group wherein R* is 

15 selected from ttte group consisting of 3-indolyl-CHr. phenyKCH2)r, phenyl-CHrO- 
CHr and thiazolyl-CHrO-CHr. where ttie ar^ portion of the groups defined for R* is 
optionally substituted with one to three substituents. each substituent benig 
independentiy selected from the group consisting of mettiyienedioxy. F, a. CH3, 
OCH3. OCF3. OCF2H and CF3. 

20 A preferred compound of the AP Group is 8a-(R,S)-2-amino-N-{1-(RH1 H- 

indoi-3-ylmethyl)-2-(2-methyl-1 .3-<lioxo-hexahydroHmidazo[1 .5-a]pyrazin-7-yl)-2-oxo- 
ethyl]-2-roethyl-propionamide. 

An even more preferred compound of ttie AP Group is 8a-(R)-2-amino-N-[1- 
(RH1H-lndol-3-ylmethyl)-2-<2-methyl-1,3-diaxo-hexahydro-imidazoI1.5«Jpyra2ln-7- 

25 yl)-2-oxo-ethyq-2-methyl-propionamide. 

Anottier more prefened compound of the AP Group Is 8a-(S)-2-amino-N-{1- 
(RH1 H-indol-3-ylmethyl)-2-(2-methyl-1 ,3-dloxo-hexahydro-imidazoI1 ,5-aJpyrazin-7- 
yO-2-oxo^thylI-2-methyt-proplonamkie. 
This invention also provides: 

30 mettiods for increasing levels of endogenous growth hormone in a human or 

oth r animal such as especially dogs, cats and horses, which comprise 
administering to such hionan roth r animal an ffedive amount of a compound of 
F rmulal; 
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pharmaceutical compositions which comprise a phamfiaceuticaliy acceptabi 
carrier and an effective amount of a compound of Formula I; 

pharmaceutical compositions useful for increasing the endogenous 
production or release of growth homione in a human or other animal which 
5 comprise a phamiaceutically acceptable carrier, an effective amount of a compound 
of Formula I and a growth hormone secretagogue selected from the group 
consisting of GHRP-6, Hexarelin. GHRP-1 , growth hormone releasing factor (GRF), 
IGF-1, IGF-2 and B-HT920 or an analog thereof; 

methods for treating or preventing osteoporosis and/or frailty which comprise 
10 administering to a human or other animal especially dogs, cats and horses, in need 
of such treatment or prevention an amount of a compound of Formula I which is 
effective in treating or preventing osteoporosis and/or frailty; 

methods for treating or preventing diseases or conditions which may be 
treated or prevented by growth hormone which comprise administering to a human 
15 or oHier animal in need of such treatment or prevention an amount of a compound 
of Formula I which is effective in promoting release of endogenous growtii hormone; 

preferred methods of the immediately foregoing methods is where the 
disease or con<fition is congestive heart failure, frailty associated with aging or 
obesity; 

20 preferred methods of the immediately foregoing methods is where the 

disease or condition is congestive heart failure or frailty associated aging; 

methods for accelerating bone fracture repair, attenuating protein catabolic 
response after a major operation, reducing cachexia and protein loss due to chronic 
illness such as AIDS or cancer, accelerating wound healing, or accelerating the 

25 recovery of bum patients or patients having undergone major surgery, which 

methods comprise administering to a mammal in need of such treatment an amount 
of a compound of Fonmula I which is effective in promoting release of endogenous 
growth hormone; 

preferred mettiods of ttie immediately foregoing methods is for aooelerating 
30 the recovery of patients having undergone major surgery or fbr accelerating bone 
fracture repair; 

m thods fbr improving muscle strength, mobility, maintenance of skin 
thidaiess, metabolic home stasis or renal homeostasis, which methods comprise 
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administering to a human or other animal in need of such treatment an amount of a 
compound of Formula I which is effective In promoting release of endogenous 
growth honnone; 

methods for the treatment or prevention of osteoporosis and/or frailty which 
5 comprises administering to a human or other animal especially dogs, cats and 
horses, with osteoporosis and/or frailty effective amounts of a bisphosphonate 
compound and a compound of Formula I; 

preferred methods of the immediately foregoing methods is where the 
bisphosphonate compound is alendronate or ibandronate; 
10 methods for the treatment or prevention of osteoporosis and/or frailty which 

comprise administering to a human or other animal especially dogs, cats and * 
horses, with osteoporosis and/or frailty effective amounts of estrogen or Premarin® 
and a compound of Formula I and. optionally, progesterone; 

methods for the treatment of osteoporosis and/or frailty which comprise 
15 administering to a human or other animal especially dogs» cats and horses, with 
osteoporosis and/or frailty effective amounts of calcitonin and a compound of 
Fomiula I; 

methods to increase IGF-1 levels in a human or other animal especially 
dogs, cats and horses, deficient in IGF-1 which comprise administering to a human 

20 or other animal with IGF-1 deficiency a compound of Fonmula I; 

methods for the treatment of osteoporosis and/or frailty which comprises 
administering to a human or other animal especially dogs, cats and horses, with 
osteoporosis and/or frailty effective amounts of an estrogen agonist or antagonist 
and a compound of Fomnula I; 

25 preferred methods of the immediately foregoing methods is where the 

estrogen agonist or antagonist is tamoxifen, droloxifene, raloxifene, idoxifene. 
ds^(4-fluoro-phenyl)-5-{4-(2-piperidin-1-yl-etho)^)-phenyl}-^ 
naphthalene-2-ol; (-)Kvs^henyl-5-[4-(2-pyrroridin-1-yl-ethoxyH3te^ 
tetFahydro-naphthalene-2-ol; crs^phenyi-5-[4-(2-pymol^din-1-yl-ethQ)^)-phenyi^ 

30 5,6,7>tetrahydro-naphthalene-2-oi; of5*1-[B'-pyrrolodinoethoxy-^'«pyridyI]-2i^^ 
6-hydroxy-1^,3,44etrahydro-naphthalene; H4'-pyrrolidinoeth xyphenyl)-2-(4"- 
fluorophenyi)-6-hydroxy-1,2.3,4-tetrahydroisoquinoim as^4-hydroxyph nyl)* 
54;4-^-piperidin-1-yl-eth xy)-phenyq-5,6.7.8-tetrahydro-naphthalene-2-ol: or 
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1-(4 *pyrroiidinolethoxyph nyl)-2-phenyl^hydroxy-1 .2.3.4-tetrahydro-isoquinoline. 

methods for enhancing growth and improving carcass quality of an animal 
other than humans which comprise administering to said animal an effective amount 
of a compound of Formula I; 
5 methods for enhancing feed efficiency in an animal other than humans 

which comprise administering to said animal an effective amount of a compound of 
Formula 1; 

methods for increasing milk production in a female mammal which comprise 
administering to said female mammal an effective amount of a compound of 
10 Formula 1; 

n^thods for increasing piglet number, increasing pregnancy rate in sows, ^ 
increasing viability of piglets, increasing weight of piglets or increasing musde fiber 
size in piglets which comprise administering to a sow or piglet an effective amount 
of a compound of Formula I; 
15 methods for increasing musde mass, which comprise administering to a 

human or other animal such as dogs, cats, horses, cattle, pigs, chickens, turiceys, 
sheep and fish, in need of such treatment an amount of a compound of Formula I; 

methods for promoting growth in growth hormone defident children which 
comprise administering to a growth hormone defident child a compound of Fonnula 
20 I; 

methods for the treatment or prevention of congestive heart failure, obesity 
or frailty assodated with aging, which comprise administering to a human or other 
animal in need thereof effective amounts of a functional somatostatin antagonist 
and a compound of Formula I; 
25 preferred methods of the immediately foregoing methods is where the 

functional somatostatin antagonist is an aipha-2 adrenergic agonist and the other 
animal is a dog, cat or a horse; 

preferred methods of the immediately foregoing methods is where the alpha- 
2 adrenergic agonist is clonidine, xyiazine or medetomidine. 
30 methods for treating insulin resistance in a mammal, virttich comprises 

administering to said mammal an ffedive amount of a comp undofF rmulal; 

preferred methods of the immediately foregoing methods is where the 
condition assodated with insulin resistance is type I diabetes, type II diabetes, 
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hyperglycemia, impaired glucos tolerance or an insulin resistant syndrom ; or 
where the condition associated with insulin resistance is associated with ot)esity or 
old age; 

methods for increasing the endogenous production or release of growth 
5 hormone in a human or other animal especially dogs, cats and horses, which 

comprise administering effective amounts of a compound of Formula I and a growth 
hormone secretagogue selected from the group consisting of GHRP-6, Hexarelin, 
GHRP-1, growth homnone releasing factor (GRF), IGF-1. IGF-2 and B-HT920 or an 
analog thereof; 

10 pharmaceutical compositions useful for treating or preventing osteoporosis 

and/or frailty which comprise a pharmaceuticaily acceptat>le carrier, an amount of a 

bisphosphonate compound and an amount of a compound of Formula 1; 

pharmaceutical compositions useful for treating or preventing osteoporosis 

and/or frailty which comprises a pharmaceuticaily acceptat)le carrier, an antount of 
15 estrogen or Premarin®, an amount of a compound of Formula I and, optionally, an 

amount of progesterone; 

pharmaceutical compositions useful for bieating osteoporosis and/or frailty 

which comprise a pharmaceuticaily acceptable carrier, an amount of calcitonin and 

an amount of a compound of Formula I; 
20 pharmaceutical compositions useful for treating preventing congestive heart 

failure, obesity or frailty associated witti aging, which comprise a pharmaceuticaily 

acceptable earner, an armunt of an alpha-2 adrenergic agonist and an amount of a 

compound of Formula I; 

a preferred pharmaceutical composition of the immediately foregoing 
25 compositions is where the alpha-2 adrenergic agonist is donidine, xylazine or 

medetomidine; and 

mettiods for increasing levels of endogenous growth hormone, which 
comprise administering to a human or ottier animal in need thereof effective 
anmunts of a functional somatostatin antagonist and a compound of Formula I. 
30 In yet anottier aspect, this invention provides mettiods for improving musde 

strengtti, mobility, maintenance of skin thickness, metabolic homeostasis and renal 
homeostasis, which comprise administering to a human or ther animal espedaly 
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dogs, cats and horses, in need of such tieatm nt an amount of a compound of 
claim 1 wtiich is effective in promoting release of endogenous growth hormone. 

The instant compounds promote the release of growth hormone which are 
stable under various physiological conditions and may be administered parenteraliy, 
5 nasally or by the oral route. 

Another group of compounds which is preferred within the E Group 
compounds, designated the EA Group, comprises those compounds, or 
stereoisomeric mixtures thereof, diastereomerically enriched, diastereomerically 
pure, enantiomerically enriched or enantiomerically pure isomers thereof, or 
10 prodrugs of such compounds, mixtures or isomers thereof, or pharmaceutically 
acceptable salts of the compounds, mixtures, isomers or prodrugs wherein: 
Z is OO; Q is a covalent bond; 
YisCRV" 

where in the definition of Y is selected from the group consisting of 
15 hydrogen, fluoro, hydroxy and (CrC2)alkyl optionally substituted with 1-3 

fktoro groups; and in the definition of Y is selected from the group 
consisting of hydrogen, fluoro, and (Ci-C2)alkyi optionally substituted with 1- 
3 fluoro groups with the proviso that cannot be fluoro when R* is 
hydroxy; 
20 andXisCHR* 

where R^ in the definition of X is selected from the group consisting of 
hydrogen, fluoro, hydroxy and (CrC2)alkyl optionally substituted with 1-3 
fluoro groups. 

A group of compounds which is preferred within the EA Group compounds, 
25 designated the EB Group, comprises those compounds or stereoisomeric mixtures 
thereof, diastereomerically enriched, cfiastersomerically pure, enantiomerically 
enriched or enantiomerically pure isomers thereof, or prodrugs of such compounds, 
mbctures or isomers thereof, or pharmaceutically acceptable salts of the compounds, 
mbctures, isomers or prodrugs wherein: 
30 R^ is -CHrA^ where A^ is phenyl, pyridyl or thiazolyl, optionally substituted with one 
to three substituents, each substitu nt being Independently sheeted firom the group 
consisting of F, CI. CHa. OCH3, OCF2H, OCFa and CF3; and 
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R* is select d form the group consisting of 3*indolyl-CHri phenyKCK^r, phenyl- 
CHrO-CHr and thiazolyl-CHrO-CHr. where the aryl portion of the groups defined 
for is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of F, CI, CHa, OCH3, OCF2H, 
5 OCF3 and CF3. 

A group of compounds which is preferred within the EB Group compounds, 
designated the EC Group, comprises those compounds or stereoisomeric mixtures 
thereof, diastereomericaliy enriched, diastereomerically pure, enantiomerically 
enriched or enantiomerically pure isomers thereof, or prodrugs of such compounds, 
10 mixtures or isomers thereof, or pharmaceutically acceptable salts of the compounds, 
mixtures, isomers or prodrugs wherein 
XisCHz; 
YisCRV 

where and R^^ in the definition of Y are Independently selected from the 
15 group consisting of hydrogen, fluoro, and (Ci-C2)alkyl optionally substituted 

with 1-3 fiuoro groups. 

A group of compounds which is preferred within the EC Group, designated 
the ED Group, comprises those compounds or prodmgs of such compounds or 
pharmaceutically acceptable salts of the compounds or prodrugs wherein the 

20 compound is the 8a(R,S),1(R) diastereomeric mixture, the 8a(R).1(R) diastereomer 
or the 8a(S),1(R) diastereomer of 2-amino-N-[2-(8a-benzyl-6-oxo-hexahydro- 
pyrrolo[1 ,2-alpyrazirh2-yl>-1-berizyioxynrkethyl-2K)xo-ethyl]-2*methyl-propim or 
2-amino-^^1•^nzyloxymethyl-2KXxo-2-(6-oxo-8a-pyridin-2-y^ 
pyrroto[1 ,2-alpyrazin-2-yl)-ethyQ-2-methyt-proplonamide. 

25 Another group of compounds which is preferred within the J Group 

comprises those compounds or prodrugs of such compounds or pharmaceuticaliy 
acceptable salts of the compounds or prodmgs wherein the compound is the 
8a(R,S),1(R} diastereomeric mixture, the 8a(R).1(R) diastereomer or the 8a(S),1(R) 
diastereomer of 2-^mlno-N^14)enzylo)^methyl-2-^>xo-2-i3-oxo-8aH?yridi^^ 

30 ylmethyt*2*(2,2,2-trifluoro-ethyl)-hexahydro-imidazo[1 ,5-a]pyrazin-7-yl]-ethyi)-2- 
methyi-propionamide; 2-amino-NK1-benzyloxymethyi-2-[8a-(2,4Kiifiuoro4>erizyl)^ 
oxo-2-(2,2,2-trifluoro-ethyl)-hexahydro-fmidazoI1,5-a]pyrazin-7-ylJ^ 
methyl-propionamide; 2-amino-^H1-benzyloxymethyl-2•«xo-2-(^-oxo^8ai>yrid*^ 
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ylmethyl-h«cahydfo^mida2o[1,5-a]pyrazfrv7-yl)-e% ; or 2- 

amino-N-[1-benzyloxyme%l-2-(2-€myl-3-oxa«ai)yridirv2-ylmet^^ 

imidazo[1 ,5-a]pyra2irv7-yl)-2-oxo-ethyQ-2-methyl-propionamjde. 

Another group of compounds which is preferred within the Q Group 
5 compounds, designated the QA Group, comprises those compounds or 

stereoisomeric mixtures thereof, diastereomerically enriched, diastereomerlcally 
pure, enantiomerically enriched or enantiomerically pure isomers thereof, or 
prodrugs of such compounds, mixtures or isomers thereof, or pharmaceuticaity 
acceptable salts of the compounds, mixtures, isomers or prodrugs wherein: 
10 is -CHrA^ where A^ is phenyl, 2-pyridyl. or 3i)yridyl, optionally substituted with 1- 
3 F. 1-3 CI; 

is methyl or ethyl where the ethyl group is optionally substituted with 1-3 F; and 
R^ is phenyl-(CH2)r, where the phenyl is optionally substituted with 1-3 F, 1-3 Q or 
1-2 CF3: 

15 A greup of compounds whic^ is preferred within the QA Group of 

compounds, designated the QB Group, comprises those compounds or 
stereoisomeric mixtures thereof, diastereomerically enriched, diastereomerically 
pure, enantiomerically enriched or enantiomerically pure isomers thereof, or 
predmgs of such compounds, mixtures or isomers thereof, or pharmaceuticaity 

20 acceptable salts of the compounds, mixtures, isomers or prodrugs wherein is - 
(CH2).A^ where A^ is 2-pyridyl, optionally substituted with 1-2 CI; and 
R^ is methyl or -CH2CF3. 

A greup of compounds which is preferred within the QB Greup of 
compounds, designated the QC Group, comprises those compounds or prodrugs of 

25 such compounds or pharmaceutically acceptable salts of the compounds or 

prodrugs wherein the compound is 2-amino-N-{1-(R>.[1,3-dioxo-8a-(R,S)-pyridin-2- 

ylmethyl-2-(2.2,2-trifluoro^thyl)-hexahydro-imidazoI1,5-a]pyra2ine-7-^^ 

phenyl-butyl)}-2-methyi-propionamide. 

An espedaily preferred compound within the QC Group comprises the 

30 compound or prodrugs of such compound or pharmaceuticaity acceptable salts of 
th compound or prodojgswh re the compound is 2-amino-N-{1-(RH1.3-dioxo-8a- 
(RH>yridin-2-ylmethyl-2-(2,2,2-trinuoro-ethyl)-hexahydr^ 
carbonyl}-(4-ph nyl-bufy0^2•methyH)rep!onamide. 
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Anoth r spedally preferred compound within the QC Group compris sthe 
compound or prodrugs of such compound or phamnaceutically acceptable salts of 
the compound or prodmgs where the compound is 2-amino-N-{1-(RHl,3-dioxo-8a- 
(S)-pyridin-2-ylmethyl-2-(2,2,2-trjfluoro-ethyl)-hexahydrc>-imidazo[1.^^^ 
5 cart)onyf] -(4-phenyi-butyl)}-2-methyt-propionamide. 

Another group of compounds which is preferred within the Al Group of 
compounds, designated the Al^ Group, comprises those compounds or 
stereoisomeric mixtures thereof, diastereomerically enriched, diastereomerically 
pure, enantiomerically enriched or enantiomerically pure isomers thereof, or 
10 prodrugs of such compounds, mixtures or isomers thereof, or pharmaceutically 
acceptable salts of the compounds, mbctures, isomers or prodrugs wherein: 
A is.C(0)-NR^-CH2-; 

is -CHrA^ where A^ is phenyl, pyridyi or thiazolyl. optionally substituted with one 
to three substituents. each substituent being independently selected from the group 
15 consisting of F. CI. CH3, OCH3, OCF2H. OCF3 and CFi 

R^ is hydrogen or •(Ci-C3)alkyl or •(C<rC2)alkyHCTC5)cycloalkyl where the alkyi and 
cydoalkyl groups in the definition of are opttonally substituted with 1-3 fluoro 
groups; 

R^ is selected form the group consisting of 3Hndolyl-CH2-, phenyKCHa)^, phenyl- 
20 CHrO-CHr and thiazolyl-CHrOCHr. where the aryl portion of tiie groups defined 
for R' is optionally substituted with one to three substituents, each substituent being 
independentiy selected from the gn>up consisting of F, CI, CHa, OCH3, OCF2H. 
OCFa and CF3; and 
R^ is hydrogen. 

25 A group of compounds which is praferred wittiln the Al^ Group of 

compounds, designated the Al^ Group, comprises those compounds or prodrugs of 
such compounds or phamnaceub'cally acceptable salts of ihe compounds or 
prodrugs where the compound is the 3a(R,S),7a(R,S) diastereomeric mixture, the 
3a(R),7a(R) diastersomer. the 3a(S).7a(S) diastereomer, ttie 3a(R),7a(S) 

30 diastereomer, or the 3a(S),7a(R) diastereomer of 2-amlno-N-^PK3a-benzyl-2- 

cydopropyl-3K)xo-oclahydro-pyrTolo[3,4K;lpyridin-5-yl)-1(R)-be^^ xymethyl-2-oxo- 
thyll-2-methyl-propionamide; 2-amino*N-[2-(3a-b6nzyi*2-mettiyl-3-oxo-octahydro- 
pyrrolo[3,4^:]pyridin-5-yt)-1(R)-benzyioxymethyt*2-^xo^ 
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or 2-amino-N-(1 (R)-benzylo;^ thyl-2-(2-methyl-3-oxo-3a-pyridin-2-yimethyl- 
octahydro-pyrrolop,4-c]pyrMin-5>yl)-2-OKO-ethyq-2-me%l-prQpionamh^ 

This invention also provides compounds of the fbnmila 



or a stereoisomeric mixture thereof, diastereomericaily enriched, diastereomerically 
pure, enantiomerlcally enriched or enantiomerically pure isomer thereof, or a 
prodrug of such compound, mixture or isomer thereof, or a pharmaceutically 
acceptable salt of the compound, mixture, isomer or prodrug. 



disO, 1or2; 
e is 1 or2; 

15 A is a divalent radical, where the left hand side of the radical as shown below is 

connected to C and the right hand side of the radical as shown below is connected 

to C. selected ftom the group consisting of 

-C(R^'VnR'-C(0)-. 

-C(R'R^'VC(R'R''VC(R»R'")-. 
20 -S(0)rC(R»R'*VC(RW»)-. 

-ccr'r^Vj-ccok 
-C(r'r'V>c{rV'V. 

-NR*-C(0).C(RWV. 
-0-C(0)-C(R*R>. 
25 -CCRVVCCO^NR*-. 

-ccrVVjcok)-. 




10 wherein 



HET is a hetero^cBc moiety selected from the group consisting of 
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-C(0)-NR'-C(R*R*")-C(R^^V. 
-C(0)-0-C(R*R"V. 

-C(R»R'°)-C(R'R*)-C(R'R'")-C(R"R'V. 
-S(0)rNR'-C(R^?'°K(R'R")-. 
6 -C(R'R'°)-C(R'R^°)-NR*-C(0K 
-C(R"R'°)-C(R'R")-<>C(0)-. 

-nr'-ccohjcrVVc^'r*")-. 

-NR'-S(0)rC(R'R*VC(R'R^V. 
-0-C(0)-C(R'R'VC(R'R^V. 
10 -C{R•R'^C(R•R'°)-C(0)-NR^ 

-C(R»R^'^(R"R^°)-C(0)-, 
-C(R»R'VR*-C<0)-0-, 
-C(RV")-0-C(0)-NR*. 
-C(RWnR'-C(0)-NR*-. 

15 -nr'.c(Ok><:<rW. 

-NR2.C(0).NR^-C(R»R'V, 
-NR*-S(0)rNR'.C(R'R^V. 
-O-CCOhNR'-CO^'V. 
-C(R^^'VNR"-C(R'R'V. 
20 -NR*'-C(R^'">-. 

-nr''-c(r»r'Vc(R'R'V. 

-C(0)-0<5{R'R''*K(R'R'V. 

-C(r«r"h;(R»r'Vn(R")-. 
-C(rVVnr«-. 

25 -C(RV'VC(R'R'°)-NR*-S(0)r. 

-c{r"r''Vc(R"r'°)-s(0)2-nrS 
-C(R»r^"K(R*R'°)-C{OH)-. 

-C{RV)-S(0)rC(R*R''V. 

-ccr^r^VjcrVVscov. 
30 -o<:{rV")-c(rWV. 
-c(rV")-C(r»r'V>. 

-C(R*R'")-C(0)-C(R'R*)-. 
-C(0)-C(R'R'°)-C(R'R*V and 
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-C(R'R^°)-NR*-S(0)rNR'-; 
Q is a oovalent bond or CH2; 
WisCHorN: 

X is CR^R'". C=CH2 or C=0; 
5 YisCR*R".OorNR*: 
ZisC=O.C=SorS(0)2: 

R' is hydrogen. -CN, -{CHj),N(X^C(0)X", -(CH2),N(X^C(0)(CHj)rA\ 
-(CH2),N(X^S(0)2(CHa)rA'. -(CH2),N(X^S(0)2X'. •{CH^Q(^0)NQ(^CHdrA\ 
-(CH2),N(X^C(0)N(X^(X^. -(CH2)^0)N(X^(X?^. .(CH2)^(0)N(X«^(CHa)rA\ 
10 -(CH2X,C{0)0X'. -(CHj),C(0)0(CH2)rA\ -{CHj^^X*. -(CH2),0C(0)X«, 

-(CH2),OC(0)(CH2)rA\ -(CH2),OC(0)NpO(CH2)rA\ -(CHj),OC(0)NpC?^. 
-{CH2),C(0)X". -(CH2X,C(0)(CH2)rA\ -(CHi),N(X^C(0)OX*, 
-<CH2),N(X^S(0)2N(X*)(X*). -(CH2),S(0)mX*. -<CH2)<^0)„(CH2)rA\ 
-<CrC«)alkyl. -{CH^A\ -{CH2)<,-(Cs^7)cydoall<yl. -(CH2)q-Y'-(Ci-C6)alkyl, 
15 -{CH2)^Y'-(CH2)rA' or-{CH2),rY'-(CH2)r(CrC7)cydoalkyl; 

where the all^ and ^oalkyl groups in the definition of R^ are optionally 

substituted with (Ci-C4)alkyi, hydroxy, (Ci-C4)all(0)^, carboxyl. -CONH2. 

-S(0)m(Ct-C6)all^, -C02(Ci-C4)an^ ester. 1H-tetrazol-5-yl or 1. 2 or 3 fiuoro 

groups; 

20 Y' is O. S(0)m. -C(0)MX^-. -CH=CH-. -C-C-. .N(X^C(OK -C(0)hJX*-. 

-C(0)0-. -OC(0)N(XV or -OC(0)-; 
qisO, 1,2, 3 or 4; 
tisO, 1.2or3: 

said (CH2}q group and (CH2)t group in the definition of R^ are optionally 
25 independently substituted with hydroxy, (CrC4)an(0xy. carboxyl. •C0NI-i2. 

-S(0)m(Ct-C«)alkyl, •C02(Ci-C4)alkyt ester. 1H-tetrazol-5-yl. 1. 2 or 3 fiuoro 

groups or 1 or 2 (Ci-C4)aM groups; 
R^* is selected from the group consisting of hydrogen, F. Q, Br. i. (Ci-C6)all(yl, 
phenyl(CfC3)alkyl, pyridyl(CrC3)allcyl. thiazolyl(Ci-C3)all^ and thienyl(CrCai)alkyl. 
30 provided that R" is not F. CI. Br or I when a heteroatom is vicinal to C; 

R^ is hydrogen. (Ci-Cs)alkyl, •(C(rC3)alkyKCrCs)cycioaikyi, -(Ci-C4)alkyl-A^ or A^ 

where the allcyl groups and the cydoaHcyi groups in the definition of R^ are 

optionally substituted with hydroxy. -C(0)OX'. -C(0)N(X^p(^. -NCX^pC^. - 
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S(0)m(Ci-C6)alkyl. -C(0)A\ -C(0)pc^, CF3, CN or 1, 2 or 3 independently 
selected halo groups; 
Is selected from the group consisting of A\ (Ci-Cio)alkyl. -(CrC6)alkyl-A\ -(d- 
C6)alky|.(C3-C7)cyctoalkyl. -(Ci-Cs)aikyl.X'-(Ci-C5)alkyl. -{Ci-C5)alkyl-X'-(CtrC5)allcyl- 
5 A* and -(Ci-C5)alkyl-X^-(Ci-C5)alkyKC3-C7)cycloalkyl: 



the carbon atom to which they are attached and fomn (Cs-Crj^ctoalkyl. (Cs- 
C7)cyctoalkenyl, a partially saturated or fully saturated 4- to 6-membered ring having 
1 to 4 heteroatoms independently selected from the group consisting of oxygen, 
15 sulfur and nitrogen, or is a birdie ring system consisting of a partially saturated or 
fully saturated &* or &-membered ring, fused to a partially saturated, fully 
unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4 
heteroatoms independently selected from the group consisting of nitrogen, sulfur 
and oxygen; 

20 X* is hydrogen or (CrC«)alkyl or X* Is taken together with and the nitrogen atom 
to whkih X^ is attached and the carbon atom to which is attached and form a five 
to seven membered ring; 



10 



where the alkyi groups in the definition of R^ are optionally substituted with 
-S{0)m(CrC8)alkyl, -C(0)OX^ 1, 2. 3, 4 or 5 Independently selected halo 
groups or 1, 2 or 3 independently selected *OX^ groups; 
X' is O, S(0)m. •N(X^)C(0)-, -C(0)Np(V, -OC(OK -C(0)0, -CX^CX^ 
•N{X^C(0)0-, -OC(0)Np(V or -CsO; 



R^ is hydrogen. (Ci-C6)alkyi or (C3-C7)cyck>alkyl. or R'^ is taken together with R' and . 



R* Is a bond or Is <^2>a Wb . 




where a and b are each Independently 0, 1 , 2 or 3; 



25 



X' and ^ are each independently selected from the group consisting of 
hydrogen, CFa. A^ and optk)nally substituted (Ci-C6)alkyl; 



30 



the optionally substituted (Ct-C6)alkyl in the definition of X^ and X^ is 
optimally substituted with a substituent selected from the group 
consisting f A\ 0X^ -S(0)m(CrC8)alkyl. -C(0)OX^ (CrC7)cycl alkyI, 
•N(X')P(^) and -C(0)N(X^)(X^); 
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or the carbon bearing or forms one or two alkylene bridges with the 
nitrogen atom bearing and R' wherein each alkylene bridge contains 1 to 
5 cartoon atoms, provided that when one alkylene bridge is formed then only 
one of X® or )^ is on the cartoon atom and only one of R^ or R* is on the 
5 nitrogen atom and further provided that when two alkylene bridges are 

formed then X* and X** cannot be on the cartoon atom and R^ and R^ cannot 
be on the nitrogen atom; 

or X^ is taken together with X^ and the cartx)n atom to which they are 
attached and form a partially saturated or fully saturated 3- to 7-membered 
10 ring, or a partially saturated or fully saturated 4- to 8-membered ring having 1 

to 4 heteroatoms independently selected from the group cortsisting of 
oxygen, sulfur and nitrogen; 

or )^ is taken together with X^ and the cartx)n atom to which they are 
attached and form a btoydic ring system consisting of a partially saturated or 

15 fully saturated 5- or 6-fT)embered ring, optiondlly having 1 or 2 heteroatoms 

independently selected from the group consisting of nitrogen, sulfur and 
oxygen, fused to a partially saturated, fully saturated or fully unsaturated 5- 
or 6-membered ring, opttonally having 1 to 4 heteroatonts independently 
selected from the group consisting of nitrogen, sulfur and oxygen; 

20 is a bond. O or N-X^. provkJed that when a and b are both 0 then Is not 

N-X^orO: 

R^ and R' are each independently hydrogen or opttonally substituted (Ci-C6)alkyl; 

where the optionally substituted (Ci-C6)alkyl in the definition of R^ and is 

optionally independently substituted with A\ -C(0)0-(Ci-C6)alkyl, 
25 -S(0)r„(Ci-C8)alkyl, 1 to 5 hato groups, 1 to 3 hydroxy groups. 1 to 3 

-0-C(0)(Ci-Cio)alkyl groups or 1 to 3 (CrC8)alkoxy groups; or 
R^ and R* can be taken together to fomi •(CH2)rL-(CH2)r; 

where L is C(X^)(X^). S(0)„, or N(X^); 
R^ R**, R^® and R^^ are each independently hydrogen, fluoro, hydroxy, (Ci - 
30 C4)alkoxy or (Ci - Cs)alkyl optionally substituted with 1 to 5 halognoups. provided 
that at least on of R', R^, R^" or R^^ is present and is (Ci - C;4)alkQxy; 
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R^^ is s lected from th group consisting of (Ci-C5)alkyl and phenyl optionally 
substituted with 1-3 substitutents each independently selected from the group 
consisting of (Ci*C$)alkyl, halo and (Ci-Cs)alkoxy; 

R^^ is selected ftom the group consisting of (CrCs)alkylsulfonyl. (Ci-Cs)alkanoyt and 
5 (CrCs)aikyl where the alkyi portion is optionally independentiy substituted by 1-5 
halo groups; 

for each occurrence is independentiy selected from ttie group consisting of (CV 
C7)cycloalkenyl. phenyl, a partially saturated, fully saturated or fully unsaturated 4- 
to S-membered ring optionally having 1 to 4 heteroatoms independentiy selected 

10 from the group consisting of oxygen, sulfur and nitrogen and a blcydk: ring system 
consisting of a partially saturated, fully unsaturated or fully saturated 5- or 6- 
membered ring, optionally having 1 to 4 heteroatoms independentiy selected from 
the group consisting of nitrogen, sulfur and oxygen, fused to a partially saturated, 
fully saturated or fully unsaturated 5- or 6-membered ring, optionally having 1 to 4 

15 heteroatoms independentiy selected from the group consisting of nitrogen, sulfur 
and oxygen; 

for each occurrence is independentiy optionally substituted, on one or 
optionally botti rings if AMs a bic^c ring system, ynth up to three 
substituents, each substituent independentiy selected from the group 
20 consisting of F, a. Br. I. OCF3, OCF2H, CF3, CH3, OCH3. -OX^, 

-C(0)NPOP<^. -C(0)0X^, 0X0, (Ci-C6)alkyl, nitro, cyano, benzyl. -S(OUCr 
C6)alkyl, 1H-tetrazol-5.yl. phenyl, phenoxy, phenylalkyloxy. hatophenyl. 
mettiylenedioxy, -NpOpc^, -Np(^(O)p0. -SPhNpC^^pO. 
-N(X^O)rPhenyl, -N(X^S(0)2X*', <X>NX"X'^ .S(0)2NX'^X", 
25 -NX*S(0)2X", .NX*CONX'V^ -NX^0)2NX"X'^ -NX'C(0)X'^ imidazolyl, 

thiazolyl and tetrazoiyi, provided that if A^ is optionally substituted with 
methyienedioxy tiien it can only be substituted with one mettiylenedk»Qf; 
where X^^ is hydrogen or optionally substituted (Ci-C6)alkyi; 

the optionally substituted (Ci-C6)alkyl defined for X^^ is 
30 optionally independentiy substituted with phenyl, phmo)^, 

(Ci-C6)alkoxycarbonyl, -S(OUCi-Ce)alkyl, 1 to 5 hato groups, 
1 to 3 hydroxy groups, 1 to 3 (Ci-Cio)alkanoyk}xy groups or 1 
to 3 (Ci-C6)alkoxy groups; 
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X^^ is hydrog n. (CrC6)alkyl, ph nyl, thiazolyl, imidazolyl, furyl or 
thienyi. provided that when X^^ Is not hydrogen, the X^^ group is 
optionally sut>stitiited with one to three substituents independently 
selected from the group consisting of CI, F, CH3. OCH3. OCF3 and 
5 CF3; 

or X^^ and X^^ are taken together to fonn -iCHzirC-iCH^; 
C is C(X')P('), O. S(0)m or N(X'); 
r for each occurrence is independently 1. 2 or 3; 

X^ for each occunence is independently hydrogen, optionally substituted (Ci- 
10 C6)allcyl or optionally substituted (C3-C7)cydoalkyi, where the optionally substituted 
(Ci-C6)a!kyl and optionally substituted (CrC7)cycloalkyl in the definition of X^ are^ 
optionally independentiy substituted with -S(0)m(CrC6)alkyi. *C(0)OX^ 1 to 5 halo 
groups or 1-3 OX^ groups; 

X' for each occurrence is independentiy hydrogen or (CfC6)alkyl; 

15 X^ for each occurrence is independentiy hydrogen, optionally substituted (Ci* 
C6)alkyl. (C2-C6)haiogenated alkyl. optionally substituted (CrC7)cycioalkyl, (CrC?)- 
halogenated cydoalkyl, where optionally substituted (CrC^alkyl and optionally 
substituted (C3-C7)cydoaikyl in the definition of X^ is optionally independentiy mono- 
or di-substituted witti (Ci-<:;4)alkyl. hydroxy, (Ci-C4)alkoxy, carboxyl, CONH2. 

20 -S(0)m(Ci-C6)alkyl, carboxylate (Ci-C4)alkyl ester or 1 H-tetrazol-S-yl; or 

when ttiere are two X^ groups on one atom and both X® are independentiy (Ci- 
C6)aikyl, ttie two (Ci-C6)alkyl groups may be optionaDy joined and, together with the 
atom to which the two X^ groups are attached, form a 4- to 9- membered ring 
optionally having oxygen, sulfur or NX^ as a ring member. 

25 x^ is hydrogen or (Ci-C«)alkyl optionally substituted with hydrojv: 

m for each occurrmce is independentiy 0, 1 or 2; 
wth tile proviso that 

X^ and X" cannot be hydrogen when attached to C(0) or SCOh in the fomi C(0)X®, 
C(0)X'^ S{0)2X' or S(0)2X": and 
30 when R" is a bond tiien L is N(X^) and each r in the definition -<CH2)rL-(CH2)r is 
independentiy 2 or 3. 

A preferred group of compounds within the scope f the compounds 
disclosed in th immediately preceding paragraph, designated the ZA Group, 
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15 



20 



comprises those compounds or a stereoisomeric mixtures th reof , 
diastereomerically enriched, diastereomerically pure, enantiomerically enriched or 
enantiomerically pure isomers thereof, or prodrugs of such compounds, mixtures or 
isomers thereof, or pharmaceutically acceptable salts of the compounds, mixtures, 
isomers or prodrugs wherein: 



is-(CH2)rA\ -(CH2),r(CrC7)cydoallcyl or (Ci-Cio)alkyl; 

where in the definition or is phenyl, pyridyl, thiazoiyi or thienyl, 
opttonaily substituted with one to three substituents, each substituent being 
independently selected from the group consisting of F, CI, CH3. OCH3. 
OCF2H. OCFsand CF3: 

the cydoaikyi and alkyi groups in the definition of R^ are optionally 
substituted with (CrC4)alkyl, hydro}^, (CrC4)alkoxy or 1 to 3 fluoro atoms; 
qis1 or2; 
tis1or2; 

is selected fbrm the group consisting of phenyl-CI-lrOCHr. phenyi-CH2-S-CHr. 
pyridyl-CH2*CK:Hr. thienyl-CHrOCHr. 3-indolyKCHr. phenyKCH2)r and thiazoiyi* 
CHz-O-CHr-; where the carbon atom bearing the substituent R' is of the (R)- 
configuration; 

wfiere the aryl portton of the groups defined for R^ is opttonaily substituted 
with one to three substituents, each substituent being independently 
selected from the group consisting of F, a, Ci^ OCH3, CX^FiH. OCFa and 
CF3 
R^ is hydrogen; 



HETis 





(CH^a (CH2)b 



Where is a bond; and are each methyl; a 



and b are each 0; 

R^ and R* or each hydrogen; 
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X^ishydrog n. 

A group of compounds which is preferred within the ZA Group of 
compounds, designated the ZB Group, comprises those compounds or 
stereoisomeric mixtures thereof, diastereomerically enriched, diastereomerically 
5 pure, enantiomerically enriched or enantiomerically pure isomers thereof, or 
prodrugs of such compounds, mixtures or isomers thereof, or pharmaceuticaliy 
acceptal)le salts of the compounds, mixtures, isomers or prodmgs wherein: 
Z is OO; Q is a covalent bond; 
Yis CRW 

10 where R' In the definition of Y Is selected from the group consisting of 

hydrogen, fluoro. hydroxy, (Ci-C^lkGxy and (Ci-C2)all(yl optionally 
substituted with 1-3 fluoro groups; and R^" in the defviition of Y Is selected, 
from the group consisting of hydrogen, fluoro, and (CrC:)allcyl optionally 
sut)stituted witti 1-3 fluoro groups witti tiie proviso tfiat R" cannot be fluoro 

1 S when R* is hydroxy or (Ci-C2)alkoxy; 

andXisCHR** 

where r' In ttie definition of X Is selected from ttie group consisting of 
hydrogen, fluoro, hydroxy, (Ci-C2)alkoxy and (CrC2)ali^l optionally 
substituted with 1-3 fluoro groups. 

20 R'is-CHrA^ 

where A^ is phenyl, pyridyl ortiiiazoiyi, optionally substituted with one to 
three substituents, each substituent being independentiy selected from the 
group consisting of F. CI. CH3, OCHa. OCF2H. OCF3 and CFa; and 
is selected fom the group consisting of Snndolyl-CHr. phenyKCHjjr. phenyl- 

25 CHrO-CHr and thiazolyl-CHrO-CHr. 

where ttie aryl portion of tiie groups defined for R' is optionally substituted 
with one to ttiree substituents, each substituent being independentiy 
selected from ttie group consisting of F, CI, CH3, OCHs, OCFzH, OCF3 and 
CF3. 

30 A group of compounds which is preferred within ttie ZB Group of 

compounds, designated th ZC Group, comprises th se compounds or prodrugs of 
such compounds or pharmaceuticaliy acceptable salts of the compounds or 
prodrugs where tiie compound is ttie 8(R,S).8a(R.S) diastereomeric mixture, ttie 
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8(R),8a(R) diastereomer, th B(S),8a(S) diastereom r, the 8(R),8a(S) diast reomer, 
or the 6(S),8a(R) diastereomer of 2-amino-N-[1(R)-benzyloxymethy(-2-(8-methoxy-6- 
oxo-8a-pyridin-2-yimethyi-hexahydro-{>yrrDlo[1 ^-a]pyrazin-2-yO-2-oxo-ethyq-2- 
methyl-propionamide. 



disorders in a mammal, including humans or other animals such as especially dogs, 
cats and horses, which comprise admlnistereing to such human or other animal an 
effective amount of a compound of Fomujla I. 

This invention also provides the L4artrate salt of 2-amino-N-{l-(R)- 
10 k>enzyioxymethyl-2-[1 ,3-dioxo-8a-(S)-pyridin-2-ylmethyl-2-(2,2,2-trifiuoro-ethyl)- 
hexahydro-inudazo[1.5-a]pyrazin-7-yl]-2-<U(o-ethyl}-2-methyl-propionamide. 



-(CH^(X^(0)N(X*^(X^. -(CHj),C(0)N()0(Xf). -(CHa)^0)N(X^CH2)rA\ 

-(CHj)^0)OXf, -<CHa),C(0)0(CH2)rA\ HCHj>^X*. -(CHaXjOCCOpC*. 

-(CHi)^OKCH2)rA\ -(CHj),OC(0)NpC^(CHj)rA\ -(CHj),OC(0)Np(^. 

-(CHiWJ(0)X». -(CH2XiC(0)(CH,)rA\ KCHjX,N(X^C(0)OX'. 
20 -{CH^(X^S{OHN(X^(X^. ^CHa)^(0) -{CHj)^0)„,(CHi)rA\ 

'(C,-Cio)allcyi. -(CH2)rA\ •<CH2V(CrC7)cydoaii(yl. -(CHzy^-Y^HCrC^ncyl. 

-(CHiVY^-(CHj)rA^ or.(CH2VYMCH2HCrC7)cycloalkyi: 

where the all^ and cydoalkyi groups in the definitkm of R^ are optionally 
substituted with (CrC^aH^, hydrrocy, (Ci-C4)alkQxy, cartx»^. -CONF^, 
25 •S(0)m(Ci-C«)alkyl. -C02(Ci-C4)all(yt ester, 1H-telrazol-5-yl or 1, 2 or 3 fluoro 



5 



This invention also provides methods of treating or preventing sleep 



This invention also provides compounds of the formula 




where R^ is hydrogen. -CN. -(CH2)4N(X*)C(0)X', -<CH2)qN(X*)C(0)(CH2)rA\ 
15 -(CH2)^(X^S(Oy2(CH2)rA\ -(CH2),N(X*)S(0)i)C". -(CH2X,N(X«yC(0)N(X^(CH2)rA\ 



groups; 

is O. S(0)m. -C(0)NX'-, -CH«CH-. -C-C-. -Np(')C(0)-. -C(0)NXf-, 
-C(0)O-, -OC(0)N(XV or -0C{0)-: 
mfbr each occurrence Is 0, 1 or2; 
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qis 0, 1,2, 3 or 4; 
tisO, 1.2or3; 

said (CHjJq group and (CH2)t group in the definition of are optionally 
independentty substituted wrth hydroxy, (Ci-C4)altoxy. cart>oxyl. -CONH2. 
5 -S(0)m{Ci-C6)a»cyl. -C02(CrC4)alkyl ester, 1 H-tetrazol-5-yl, 1 , 2 or 3 fluoro 

groups or 1 or 2 (CrC4)aikyl groups; 
for each occurrence is independently selected from the group consisting of (Cs- 
C7)cycloalkenyl. phenyl, a partially saturated, fully saturated or fully unsaturated 4- 
to 8-memt>ered ring optionally having 1 to 4 heteroatoms independently selected 
10 from the group consisting of o)^en, sulfur and nitrogen and a bicydic ring system 
consisting of a partially saturated, fully unsaturated or fully saturated 5- or 6- * 
membered ring, optionally having 1 to 4 heteroatoms independentiy selected from 
ttie group consisting of nitrogen, sulfur and oxygen, fused to a partially saturated, 
fully saturated or fully unsaturated 5- or 6-membered ring, optionally having 1 to 4 
15 heteroatoms independentiy selected from the group consisting of nifaiogen. sulfur 
and oxygen; 

for each occurrence is independentiy optionally substituted, on one or 
optionally botti rings if is a bicydic ring system, with up to three 
substituents. each substituent independentiy selected from the group 
20 consisting of F. CI. Br. I, OCF3, OCfiH. CF3, CH3. OCH3. -OX®, 

.C(0)N(X^P(*^, -C(0)OX®. 0x0, (Ci-C6)alkyl, nitro, cyano. benzyl. -S{0)n,(Ci- 
C6)alkyl, 1H-tetfazol-5-yl, phenyl, phenoxy. phenylalkyloxy, halophenyl, 
mettiylenedioxy, -NP<^(X^, -N(X^C(0)(X^. ^(0)2N(X^(X^. 
-NpC*)S{0)2^>henyl. -N(X^(0)2X*. -CONX"X". -S(0)2NX' V^ 
25 -^IX^O)2X'^ 4^x•CONX^V^ -NX^O)2^1X'^X'^ -NX*C(0)X'^ Imidazolyl, 

ttiiazdyl and tetrazoiyi, provided that if A^ is optionally substituted with 
methyienedioxy then it can only be substituted with one methylenedioxy; 
where X^^ is hydrogen or optionally substituted (CrC6)alkyI; 

ttie optionally substituted (Ci-C6)alkyl defined for X^^ is 
30 optionally independentiy substituted witti phenyl, phenoxy, 

(CrCs)alkoxycarfoonyl. •S(0)m(CrCQ)alkyl, 1 to 5 halo groups. 
1 to 3 hydroxy groups, 1 to 3 (Ci-Cio)alkanoyloxy groups or 1 
to 3 (Ci-C«)aikO}^ groups; 
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X" is hydrogen, (Ci-C6)alkyl. phenyl, thiazolyl, imidazdyl, furyl or 
thienyl, provided that when X^^ is not hydrogen, the X^^ group is 
optionally substituted with one to three substituents independently 
selected from the group consisting of CI, F. CH3, OCHa, OCF3 and 
5 CF3; 

or X^^ and X^^ are taken together to fom -(CH2)rL^CH2)r; 
is C(X^)(X^), O, S{OU or N(X^: 
X^for each occurrence is independently hydrogen, optionally substituted (Ci- 
C6)aikyl, (C2-Ce)haiogenated alicyl, optionally substituted (C3- C7)cycioaikyi. (C3- 
10 CrKialogenated cydoalkyl, where optionally substituted (Ci-Ce)alkyl and 
optionally substituted (CTC7)cydoalkyi in the definition of X* is optionally 
independentiy mono- or di-substituted with (Ci-C4)alkyi, hydro)^, (Ct-C4)alkoxy, 
carboxyl, CONH2, 

-S(0)m(CrC6)alkyl, cartx>xylate (CrC4)alkyl ester or 1H-tetrazol-&-yi; or 
15 when there are two X^ groups on one atom and tx>th X^ are indeperKiently 

(CrC6)alkyi, the two (Ci-C6)alkyl groups may be optionally joined and, 
together with the atom to whk:h the two X^ groups are attached, form a 4* 
to 9- membered ring optionally having oxygen, sulfur or NX^ as a ring 
member and 

20 is hydrogen. (Ci-C8)alkyi. -(Co-C3)alkyKC3-C8)cycloaUcyl. *(Ci-C4)alkyl-A^ 

orA\ 

where the alkyi groups and the cyctoalkyi groups In the definition of 
are optionally substituted with hydroxy. -C(0)OX*. -C(0)N(X^(X*), 
-NPOcX^, -S(0)m(Ci-Ce)alkyl. -C(0)A\ -C(0)(X^, CF3, CN or 1, 2 or 
25 3 independentiy selected hak> groups. 

A group of compounds whk::h is preferred within the compounds disctosed 
within the immediately preceding paragraph, designated the XA Group, comprises 
those compounds wherein is CHrA^ and R^ is CFaCHr- 

A group of compounds whtoh is preferred within the XA Group of 
30 compounds, designated the XB Group, comprises those compounds wherein A^ is 
2-pyridyl. 
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A compound which is pref rred within the XB Group of compounds is 8a- 
pyridin-2-ylmethyl-2-{2.2,2-trifluorD-ethyl)-tetrahydro-imid^^ ,5-a]pyra2ine-1 ,3- 
dione. 

Another compound which is preferred within the XB group of compounds is 
5 the L-tartrate salt of 8a-pyridin-2-ylmethyk2-{2.2,2-trifluoro-ethyl)-tetrahydro- 
imidazo[1 ,5-a]pyrazine-1 ,3-dione. 

This invention also provides a process for preparing 1,3-dioxo-8a(S)-pyridin- 
2-ylmethyl-2-(2,2.2-trifluoro-ethyl)-hexahydro-imidazo[1 , 5-a]pyra2ine-7-cart>oxylic 
acid tert-butyl ester comprising reacting 8a-pyridin-2-ylmethyl-2-(2,2.2-trifluoro- 
10 ethyl)-tetrahydro-imidazo[1 ,5-a]pyrazin0-1 ,3-dione with D-tartaric add in a reaction 
inert solvent at 0^ to about room temperature for about 5 minutes to about 48 
hours. 

This invention also provides a process for preparing 2-aminoN-(1(R)- 
benzyloxyrnethyl-2-(1,3^ioxo-8a(Shpyridin-2-ylmethyl-2-{2,2,2-triflu^ 
1 5 hexahydro-imtdazo[1 ,5-a]pyrazin-7-yl)-2-methyl-propionamide hydrochloride 
comprising 

(a) reacting 8a-pyridirv2-ylnriethyl-2-(2,2,2-trifluorx>«thyl)-tetrahydrD- 
imidazo[1,5-alpyrazine-1,S^ione with D-tartaric add in a reaction inert solvent to 
form 1 ,3-diox(>-8a(S)-pyridin-2-yimethyl-2-(2,2^4rifluort>-ethyl>-he)cahydr^ 

20 tmidazo[1 .5-a]pyrazine*7-cart>oxylic add tert-butyl ester; 

(b) reacting said 1 ,3-dioxo-8a(S>pyridin-2-ylmethyl-2-(2,2,2-trifluoro* 
ethyl)-hexahydro-imidazo[1.&-a]pyrazine-7-cart)Qxylicadd tert-butyl ester with 3- 
berizyloxy-2K2-tert<l)utoxycart)onylamino-2-methyl-pro add in 
the presence of a tertiary amine and 1-propanephosphontc add cydic anhydride in 

25 a reaction inert solvent to form (1-(1 (R)-benzylo)^ethyl*2*(1 ,3-dioxa-8a(S)-pyridln- 
2-ylmethyi-2-(2,2.2-trifluon>-ethyl)-hexahydrD-imidazo[1 
ethylcart>amoyl>-1-methyl-ethyl>-cart>aniic add tert-butyl ester, and 

(c) reacting said (1K1(R^ben2ytoxyinethyl-2-(1t3<lioxo-8a(S)-pyridln-2- 
ylinethyl-2-(2,2,2-trifluoro-ethylHiexahydro-imidazo[1 .5-a]pyrazin-7-yl)-2-oxo- 

30 ethylcart>amoyO-1-methyl-«thyl)-carbOTiic add tert«butyl ester vtrith concentrated 
hydrochloric add in a reaction inert solvent to form 2-amino-N-(1(R)* 
benzyloxyn)ethyl-2-(1 .3<lioxo-8a(S>-pyridin-2-yimethyl-2-^,2,2-trifluoro-ethyl)- 
hexahydro-imidazoll ,5-a]pyrazin-7-yl>-2-methyl-propionamide hydrochloride. 
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Detailed D scriotion of the Ifwention 
In general the compounds of Formula I can be made by processes known in 
the chemical arts. Certain processes for the manu^cture of Formula I compounds 
are provided as further features of the invention and are illustrated by the following 
5 reaction schemes. 

In the above structural fonmulae and throughout the instant application, the 
following terms have the indicated meanings unless expressly stated otherwise: 

The alkyl groups are intended to include those alkyi groups of the 
designated length in eHher a straight or branched configuration which may optionally 
10 contain double or triple bonds. Exemplary of such alkyl groups are methyl, ethyl/ ' 
propyl, isopropyl, tnjtyt, sec4)utyl, tertiary butyl, pentyl, isopentyl. hexyl. isohexyl/' 
ally!, etiiynyl, propenyl, butadienyl, hexenyl and the like. 

When the definition Co-alkyl occurs in the definition, it means a single 
covalent bond. 

15 The aikoxy groups specified above are intended to include those alkoxy 

groups of the designated length in either a straight or branched configuration which 
may optionally contain double or triple t>onds. Exemplary of such alkoxy groups are 
methoxy, ethoxy. propoxy. isopropoxy. butoxy, isobutoxy, tertiary butoxy, pentoxy, 
isopentoxy, hexoxy, isohexoxy. allyloxy, 2-propynyk)xy. isobutenyloxy, hexenytoxy 

20 and the tike. 

The temf) "halogen" or 'tialo" is intended to include the halogen atoms 
fluorine, chlorine, bromine and iodine. 

The term "halogenated alkyl' is intended to include an alkyl group as defined 
hereinabove substituted by or^ or more halogen atoms as defined hereinabove. 
25 The term liaiogenated cydoalkyi' is intended to indude a cycloalkyi group 

substituted by one or more hak)gen atoms as defined hereinabove. 

The term "aryT is intended to include phenyl and naphthyl and aromatic 5- 
and 6-membered rings with 1 to 4 heteroatoms or fused 5- and/or 6-membered 
bic^dic rings with 1 to 4 heteroatoms of nitrogen, sulfur or oxygen. Examples of 
30 such heterocydic aromatic rings are pyridine, ttibphene (also known as thienyl), 
furan, benzothiophene, tetrazole. indole. N-methylindole, dihydroindole, indazole, 14- 
f rmylindole, benzimidazole, thiazole. pyrimMine. and thiadiazole. 
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The xpression "prodrug" refers to compounds that are drug precurs rs 
which fbllowtrtg administration, release the dmg in vhm via some chemical or 
physiological process (e.g., a prodrug on being brought to the physiological pH is 
converted to the desired dmg fomi). Exemplary prodrugs upon cleavage release 

5 the conesponding free add. and such hydrolyzable ester-forming residues of the 
compounds of this invention include but are not limited to carbojQflic acid 
substituents (e.g., vwhen R' is -(CH2),C(0)OX* where X* is hydrogen, or when or 
a' contains carboxylic add) wherein the free hydrogen is replaced by (CrC^yallqrl. 
(C2-Ci2)alkanoyloxymethyl. (CrC«)1-(alltanoyloxy)ethyl. 1-methyH-(alkanoyloxy)- 

10 ethyl having from 5 to 10 cartwn atoms, alkoxycarbonyloxymethyl having from 3 to ^ 
cart>on atoms. 1-(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms. 1- 
methyH-(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atomsi N- 
(alkoxycartx)nyl)amirKxnethyl having from 3 to 9 cartxin atoms, 1-(N- 
(alkoxycart>onyOamino)ethyl having from 4 to 10 cart>on atoms, 3-phthafidyi. 4- 

16 crotonolactonyl, gamma-butyrolacton-4-yl. di-N,N-(Ci-C2)alkylamino(C2-C3)aB«yl 
(such as p-d'"'«fhylarninoethyO. cart3amoyKCi-C2)alKyl, N,N-di(Ci-C2)- 
alkylcart>amoyl-(CrC2)alkyl and piperidino-. pynolidino- or morpholino(C2-C3)alkyt. 

Other exemplary prodrugs release an akx)hol of Formula I vi^rran the free 
hydrogen of the hydroxyl substituent (e.g., when contains hydroxy!) is replaced 

20 by (Ci-C«)allcanoyloxymethyl. 1-((Ci-Ce)alkanoyloxy)ethyl. 1-methyl-1-{(Ci- 
C6)alka-noyk)j^)ethyl, (Ci-C6)alkoxycarbonyloxymethyl, N-<Ci-C6)alko)v- 
carfoonylamino-methyl. succinoyi, (Ci-C6)alkanoyl, a-amino(Ci-C-i)alkanoyl, 
arylacetyl and a-aminoacyl. or a-aminoacyl-a-aminoacyl wherein said a-aminoaqfl 
moielies are independently any of the naturaUy occurring L-amino adds found in 

25 proteins, 

-P(0)(0H)2. -P(0)(0(Ci-C6)alkyl)2 or glycosyl (the radtoal resulting from detachment 
of the hydroj^l of the hemiaoetal of a cart)ohydrate). 

Prodmgs of this invention where a carboxyl group in a cartx»qriic add of 
Formula i is replaced by an ester may be prepared by combining the carboxylic add 
30 wHh the appropriate flikyi haBde In the presence of a base such as potassium 
carbonate in an inert solvent such as DMF at a temperature of about (ycto 100°C 
for about 1 to about 24 hours. Alternatively, the add is combated with the 
appropriate alcohol as solvent in the presence of a catelytto amount of add such as 
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concentrated sulfuric add at a temperature of about 20**C to 120*^, pref rably at 
reflux, for about 1 hour to about 24 hours. Another method is the reaction of the 
acid in an inert solvent such as THF, with concomitant removal of the water being 
produced by physical (e.g., Dean Stark trap) or chemical (e.g., molecular sieves) 
5 means. 

Prodrugs of this invention where an alcohol function has been derivatized as 
an ether may be prepared by combining the alcohol with the appropriate alkyi 
bromkle or iodide in the presence of a base such as potassium carbonate in an inert 
solvent such as DMF at a temperature of about O'^C to 100''C for about 1 to about 

10 24 hours. Alkanoylaminomethyl ethers may be obtained by reaction of the alcohol 
with a bis-(alkanoylamino)methane in the presence of a catalytic amount of add in 
an inert solvent such as THF, according to a method described in US 4.997,984. 
Altematively, these compounds may t>e prepared by the methods described by 
Hoffman et aL in J. Org. Chem. 1994, 59. p. 3530. 

15 Certain of the above defined terms may occur more than once in the above 

formula and upon such occurrence each term shall be defined independently of the 
other. 

The compounds of the instant invention all have at least one asymmetric 
center as noted by the asterisk in the stnictural Formula L Addittonal asymmetric 

20 centers may be present on the molecule depending upon the nature of the various 
subsfituents on the molecule. Each such asymmetric center will produce two optical 
isomers and it is intended that all such optical isomers, as separated, pure or 
partiayy purified optical Isomers, raoemlc mbctures or diastereomeric mbctures 
thereof, be mduded within the scope of the instant invention. In the case of the 

25 asymmetric center represented by the asterisk, it has been found that the absolute 
stereochemistry of the more active and thus more preferred isomer is shown in 
Formula lA. This preferred absolute configuration also applies to Formula I. 
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With the substituent as hydrogen, th spatial configuration of the asymmetric 
center corresponds to that in a D-amino add. In most cases this is also designated 
an R-<x)nfiguration although this will vary according to the values of and R^ used 
in making R- or S-stereochemical assignments. 
5 The instant compounds are generally isolated in the form of their 

phannaceutically acceptable add addition salts, such as the salts derived from 
using inorganic and organic adds. Examples of such adds are hydrochloric, nitric, 
sulfuric, phosphoric, formic, acetic, trifluoroacetic, propionic, maleic, succinic, D- 
tartaric, L-tartaric, malonic, methane sulfonic and the like. In addition, certain ^ 

10 compounds containing an addic function such as a cari30xy can be isolated in the • 
fomi of their inorganic salt in which the counter-ion can be selected from sodium. ; 
potassium, lithium, caldum. magnesium and the like, as well as from organic bases. 

The phamiaceutically acceptable salts are formed by taking about 1 
equivalent of a compound of Formula I and contacting it with about 1 equivalent of 

15 the appropriate corresponding add of the salt which is desired. Woric-up and 
isolation of the resulting salt is well-known to those of ordinary skill In the art 

The growtti hormone releasing compounds of Formula I are useful in vitro as 
unique tools for understanding how growtfi hormone secretion is regulated at the 
pituitary level This indudes use in the evaluation of many factors thought or known 

20 to influence growtti hormone secretion such as age, sex, nutritional factors, glucose, 
amino adds, fatty adds, as well as fasting and non-fasting states. In additton. the 
compounds of this invention can l>e used in ttie evaluation of how other hormones 
modify growth hormone releasing activity. For example, it has already been 
established that somatostatin inhibits growth hormone release. 

25 The compounds of Formula I can be administered to animals, induding 

humans, to release growtti hormone in vivo. The compounds are usefid for tteating 
symptoms related to GH defidency; stimulating pre- and post-natal growtti or 
enhandng feed efftaiency and improving carcass quality of animals raised for meat 
production: increasing milk productton in dairy catOe; improving estrous 

30 synchronization In livestock such as swhie. beef and dairy catUe; improving bone or 
wound healing and improving vital rgan function in animals. The compounds of 
th present invention, by indudng endogenous GH secretion. wHI alter body 
composition and modify other GH-dependent metabolic, immunologic or 
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developmental processes. For xample, the compounds of th pres nt invention 
can be given to chickens, turkeys, livestock animals (such as sheep, pigs, horses, 
cattle, etc.) and companion animals (e.g., dogs). These compounds may also have 
utility in aquacuiture to accelerate growth and improve the percent lean meat In 

5 addition, these compounds can be administered to humans in vivo as a diagnostic 
tool to directly detemnine whether the pituitary is capable of releasing growth 
hormone. For example, the compounds of Formula I or a pharmaceutically 
acceptable salt or prodrug thereof can be administered in vivo to children and serum 
samples taken before and after such administration can be assayed for growth 

0 hormone. Comparison of the amounts of growth hormone in each of these samples 
would be a means for directly determining the ability of the patients pituitary to 
release growth hormone. 

Accordingly, the present invention includes within its scope pharmaceutical 
compositions comprising, as an active ingredient, at least or\B of the compounds of 

5 Formula I or a pharmaceutically acceptable salt or prodrug thereof in association 
with a pharmaceutically acceptable carrier. Optionally, the pharmaceutical 
compositions can further comprise an anabolic agent in addition to at least one of 
the compounds of Formula I or a pharmaceutically acceptable salt or prodrug 
thereof, or another compound which exhibits a different activity, e.g., an antibiotic or 

0 cocddtostat (e.g.. monensin) growtti promotant or an agent to treat osteoporosis or 
witti other pharmaceutically active materials wherein the combination enhances 
efficacy and minimizes skie effects. 

Growth promoting and anabolic agents include, but are not limited to, TRH, 
PTH. diettiylstilbesterol. estrogens, Il-agonists, ttieophytline, anatK>tic steroids, 

5 enkephalins, E series prostaglandins, compounds disctosed in U.S. Patent No. 
3.239,345, ttie disclosure of which is hereby incorporated by reference, e.g., 
zeranol; compounds disclosed in U.S. Patent No. 4,036,979, the disclosure of which 
is hereby incorporated by reference, e.g., sulbenox; and peptides disclosed in U.S. 
Patent No. 4,411,890, the disclosure of which is hereby Incorporated by reference. 

0 The growth hormone secretagogues of tills Invjention in combination with 

ther growth horm ne secretagogues such as th growth honnone releasfrig 
peptides GHRP-6 and GHRP-1 as described in U.S. Patent No. 4,411,890, the 
disclosure of which is hereby incorporated by reference, and put>lications WO 
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89/07110, WO 89/07111 and B-HT920 as well as h xarelin and the newly 
discovered GHRP-2 as described in WO 93/04081 or growth hormone releasing 
hormone (GHRH, also designated GRF) and its analogs or growth honnone and its 
analogs or somatomedins including IGF*1 and IGF-2 or afpha-2-adrenergic agonists 
5 such as clonidine, xylazine, detomidine and medetomidine or serotonin 5HTID 
agonists such as sumitriptan or agents which inhibit somatostatin or its release such 
as physostigmine and pyridostignrrine, are useful for increasing the endogenous 
levels of GH in mammals. The combination of a GH secretagogue of this invention 
with GRF results in synergistic increases of endogenous growth hormone. 

10 As is welt known to those skiHed in the art the known and potential uses of - 

growth hormone are varied and multitudinous [See "Human Growth Hormone", 
Strobel and Thomas, Pharmacological Reviews, 46, pg. 1-34 (1994); T. Rosen et 
al., Horm Res, 1995; 43: pp. 93*99; M. Degerblad et al., European Journal of 
Endocrinology, 1995, 133: pp.180-188; J. 0. Jorgensen, European Journal of 

15 Endocrinology, 1994. 130: pp. 224-228; K C. Copeland et al., Joumal of Clinical 
Endocrinology and MetaboBsm, Vol. 78 No. 5, pp. 1040-1047; J. A. Aloi et aL, 
Joumal of Clinical Endocrinotogy and Metabolism. Vol. 79 No. 4. pp. 943-949; F. 
Cordklo et al., Metab. Clin. Exp.. (1995). 44(6). pp. 745-748; K. M. Faimall et al., J. 
Endocrinol., (1995), 145(3), pp. 417-426; R.M. Frieboes et al., Neuroendocrinotogy, 

20 (1995). 61(5), pp. 584-589; and M. Uovera et al., ini J. Cancer, (1995), 61(1), pp. 
138-141]. Thus, the administration of the compounds of this invention for purposes 
of stimulating the release of endogenous growth hormone can have the same 
effects or uses as growth hormone itself. These varied uses of growth hormone 
may be surmnarized as folk>ws: stimulatirig growth hormone release in elderiy 

25 humans or companton animals espedally dogs, cats, camels and horses; treating 
growth honnone deficient adult hunrians or other animals espedally dogs, cats, 
camels and horses; preventing catabolic sMe effects of glucocorticoids, treating 
osteoporosis, stimulating ttie immune system, accelerating wound healing, 
accelerating bone fracture repair, treating growth retardation, treating congestive 

30 heart failurs as disclosed in PCT pubflcations WO 95/28173 and WO 95/28174 (an 
example of a mettiod for assaying growtti hormone secretagogues for fficacy in 
treating congestive heart failure is disclosed in R. Yang et al., Circulation, Vol. 92, 
No. 2, p262. 1995), treating acute r chronic renal failure or insufficiency; treating 
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physiologicai short stature including growth homnon deficient children, treating 
short stature associated with chronic illness, treating obesity, treating growth 
retardation associated with Prader-Willi syndrome and Turner's syndrome; 
accelerating the recovery and reducing hospitalization of bum patients or following 
5 major surgery such as gastrointestinal surgery; treating intrauterine growth 
retardation, skeletal dysplasia, hypercortisonism and Cushings syndrome; replacing 
growth hormone in stressed patients; treating osteochondrodysplastas, Noonans 
syndrome, sleep disorders. Alzheinner's disease, delayed wound healing, and 
psychosocial deprivation; treating pulnwnary dysfunction and ventilator 

10 dependency; attenuating protein cataboiic response after a major operation; treating 
malabsorption syndromes, reducing cachexia and protein bss due to chronic illness 
such as cancer or AIDS; accelerating weight gain and protein accretion in patients 
on TPN (total parenteral nutrition); treating hyperinsulinemla including 
nesidioblastosis; adjuvant treatment for ovulation induction and to prevent and traat 

15 gastric and duodenal ulcers; stimulating thymic development and preventing age- 
related dedine of thymic function; adjunctive therapy for patients on chronic 
hemodialysis; treating immunosuppressed patients and enhancing antibody 
response following vaccination; improving musde strength, increasing musde mass, 
mobility, maintenance of skin thk:kness, metabdk: homeostasis, renal hemeostasis 

20 in the frail elderiy; stimulating osteoblasts, bone rermdeling, and cartilage growtti; 
treating neurological diseases such as peripheral and drug induced neuropathy. 
Guillian-BOTe Syndrome, amyotrophk: lateral sclerosis, multiple sclerosis, 
cerebrovascular acddents and demyelinating diseases; and stimulating wool growtti 
in sheep. 

25 Uses of GH In f^rm animals raised for meat production such as chickens. 

turt<eys, sheep, pigs and cattle indude stimulation of pre- and post- natal growtt), 
enhanced feed efficiency in animals raised for meat pnodudion, improved carcass 
quality Cmcreased muscle to fat ratio) (Campbell, R. G. et ah, (1989), J. Anim. Sd. 
67. 1265; Dave, D. J., Bane. D. P., (1990). The Compendium Food Anual, Vol. 

30 12(1). 117; Hoiden, R J., (1990). Agri^Pradioe. 11(3). 25; Daus. R.. Weiber. U., 
(1994). Uvestock Production Sd nee. 37. 245; Roed r. R. t al., (1994). Growtti 
Regulation, 4, 101); Increased milk production in dairy cattle (McBride, B. W. et al.. 
(1988). Research and Development in Agrkuilture 5(1). 1; McDowell. G. H. et al.. 
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(1988), AusL J. Biol. Sci., 41, 279); improved body composition; modification of 
other GH-dependent metatwiic (Claus, R. and Weiber, U.. (1994). Uvestocic 
Production Science, 37, 245) and immunologic functions such as enhancing 
antibody response following vaccination or improved developmental processes; and 
5 may have utility in aquaculture to accelerate growth and improve the protein-to>fat 
ratio in fish. 

Preferred uses in companion animals include stimulating endogenous 
growvth hormone release in companion animals such as dogs, cats and horses; 
treating disorders of aging (Detenbeck. L C, Jowsey, J., Clinical Orthopedics and 

10 Related Research, July-August 1969. No. 65, pp. 76-80); stimulating thymic 
development and preventing age-related decline of thymic function (Goff, B. L et 
al.. Clinical and Experimental Immunology, 1987, 68:3, pp. 580-587; Morrison, W. B. 
et al.. Am. J. Vet Res., Jan. 1990. 51:1, pp. 65-70; Roth, J. A. et al.. Am. J. Vet 
Res., 1984, Vol. 45, pp. 1151-1155); preventing age-related dedine of thymic 

15 function; preventing age-ielated dedine in cognition; accelerating wound healing 
(Jacks, T. et al., VeL Surg. 1996. 25, (5). 430); accelefating bone fracture repair 
(Pandey, S. K., Udupa, K. N., Indian J. Vet Surg. 1 (2): 73-78, July 1980); 
stimulating osteoblasts, bone remodelling and cartilage growth (Hanis. W. H. et al., 
Calc. Tiss. Res.. 10, 1972. pp. 1-13; Heaney. R. P. et al., Calc. Tiss. Res. 10. 1972. 

20 pp. 14-22; Mankin. H. J. et at, J. of Bone and Joint Surgery, Vol. eOA, #8, Dec. 
1978, pp. 1071-1075); attenuating protein catabolic response after major surgery, 
accelerating recovery from bum injuries and major surgeries such as gastrointestinal 
surgery; stimulating the immune system and enhandng antibody response foltowing 
vacdnatton; treating congestive heart faBue, treating acute or chronk: renal feilure 

25 or insuffiden(^, treating obesity; treating growth retardation, skeletal dysplasia and 
osteochondrodysplasias; preventing catabolic side effects of glucocorticoids; 
treating Cushing's syndrome; treating malabsorption syndromes, redudng cachexia 
and protein loss due to chronic illness such as cancer; accelerating weight gain and 
protein accretion in animals receiving total parenteral nutrition: providing acQuvant 

30 treatment for ovulatton inductkxi and to prevent gastrointestinal ulcers; improving 
musde mass, strength and mobility; mahtenance f skin thickness, and improving 
vital organ furwtkm and metabolic homeostasis. 
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The growth hormone secretagogues of this invention, comp unds of 
Formula I, or a phanmaceutically acceptable salt or prodaig thereof in combination 
with an alpha-2 adrenergic agonist are useful in promoting GH secretion in humans 
and other animals (See Cella, S. G. et al.. Acta Endocrinologica (Copenh.) 1989, 
5 121. pp. 177-184). As such, a combination of a compound of Fonmula I or a 
pharmaceutically acceptable salt or prodmg thereof and an alpha-2 adrenergic 
agonist is useful in the treatment or prevention of fraitty associated with aging, 
congestive heart failure and ot>esity which comprises acbninistering to a human or 
another animal, especially dogs, cats and horses, in f>eed of such treatment a 

10 combination of an alpha-2 adrenergic agonist and a compound of Formula I or a 
pharmaceutically acceptable salt or prodrug thereof, defined above. Preferred 
alpha-2 adrenergic agonists include clonidine, wtiich is disclosed in US Patent No. 
3,202,660 the disclosure of which is hereby incorporated by reference, xylazine, 
which is disclosed in US Patent No. 3,235,550 the disclosure of which is hereby 

15 incorporated by reference and medetomidrne, which is disclosed in US Patent No. 
4,544,664 the disclosure of which is hereby incorporated by reference. In another 
aspect, this invention provides methods for accelerating bone fracture repair and 
wound heeding, attenuating protein cataboRc response after a major operation, and 
reducing cachexia and protein loss due to chronic illness, which comprise 

20 administering to a human or another animal, especially dogs, cats and horses in 
need of such treatment a combination of an alpha-2 adrenergic agonist such as 
clonidine, xylazine or medetomidlne and a compound of Formula I or a 
phannaceuticaHy acceptable salt or prodrug thereof. It has been shown that aipha-2 
adrenergic agonists cause release of endogenous growth hormone in human and 

25 canine subjects (Celia et al., Ufe Sciences (1964), 34:447-454; Hampshire J. 
Altszuler N.. American Journal of Veterinary Research (1981). 42:6, 1073-1076; 
Valcavi et al., Qinical Endocrinology (1988), 29:309-316; Morrison et al, Anterican 
Joumai of Veterinary Research (1990), 51:1, 65-70;), and that the co-administration 
of an alpha-2 adrenergic agonist with growth hormoneHieleasing fector restores 

30 defective growth hormone secretion in aged dogs (Aroe et al., Brain Research 
(1990), 537:359-362; Celia et aL. Neuroendocrinology (1993). 57:432-438). 

This inv ntion also relates to a mettiod of treating insulin resistant conditions 
such as Non-Insulin Dependent Diabetes Mellitus (NIDDM) and reduced glycemic 
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control associated with ob sity and aging in a mammal in need thereof which 
comprises administering to said mammal an effective amount of a compound of the 
Fomnula i or a pharmaceutically acceptable salt or prodrug thereof. 

This invention is directed to the use of growth hormone secretagogues 
5 specifically growth honiTone releasing peptides (GHRP) or GHRP mimetics of 
Fomiula i or a pharmaceutically acceptable salt or prodrug thereof to improve 
glycemic control Agents that increase growth hormone (GH) levels would not be 
expected to have this effect since it is widely recognized that GH is diabetogenic in 
animals and in humans. In acromegalics, glucose utilization and suppression of 

10 hepatic glucose production are impaired (see Hansen. I., et aL, Am J Physiol, 
250:E269 (1986)). In this disease of GH excess, impaired glucose handling and 
hyperinsuRnemia have t>een reversed by pituitary surgery or chemotherapy which 
reduced GH levels (see Levin S.R.. et aL, Am J Med. 57:526 (1974). Feek, CM., et 
aL. J Clin Endocrinol 22:532 (1981)). Furthermore, administration of GH to olcter 

15 subjects caused hyperglycemia, glucose intolerance and hyperinsulinemia in 
numerous studies (see Aloia, J.F.. et aL. J COn Endocrinol Metab, 43:992 (1976); 
Binnerts et at., J CGn Endocrinol Metab, 67:1312 (1988); Marcus. R., et al.. J CBn 
Endocrinol Metab, 70:519 (1990)). Therefore, GH therapy is contranndicated for 
individuals with diabetes or those at risk for diabetes. 

20 it will be known to those skilled in the art that there are numerous 

compourKis now t)eing used in an effort to treat the diseases or therapeutic 
indk:ations enumerated above. Combinations of these therapeutic agents, some of 
which have also been nDentioned above, with growth promotant exh&>it anabolic 
and desirable properties of these various therapeutic agents. In these 

25 combinations, the therapeutic agents and the growth honmone secretagogues of 
this invention may be independently and sequentially administered in any order or 
co*administered in dose ranges from one one-hundredth to one times the dose 
levels which are effective when these compounds and secretagogues are used 
singly. Combined ttierapy to inhibit bone resorption, prevent osteoporosis, reduce 

30 skeletal fracture, enhance tiie healing of bone fractures, stimulate bone formation 
and increase bone mineral density can be effectuated by combinations of 
btsphosphonates and the growtti hormon secretagogues of this invention. See 
PCT pubikation WO 95/11029 for a discussion of combination tiierapy usoig 
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bisphosphonates and GH secretagogues. Th us f bisphosphonates for these 
utilities has been reviewBd. for example, by Hamdy, N.A.T., Role of 
Bisphosphonates in Metabolic Bone Diseases. Trends in Endocrinol. Metab., 1993, 
4, pages 19-25. Bisphosphonates with these utilities indude but are not limited to 

5 alendronate, tiludronate, dimethyl-APD. risedronate. etidronate, YM-175, clodronate, 
pamidronate, and BM-210995 (ibandronate). According to their potency, oral daily 
dosage levels of the bisphosphonate of between 0.1 mg/kg and 5 g/kg of body 
weight and daily dosage levels of the growth hormone secretagogues of this 
invention of between 0.01 mg/kg to 20 mg/kg of body weight are admintstered to 

0 patients to obtain effective treatment of osteoporosis. 

The compounds of this invention may be combined with a mammalian 
estrogen agonist/antagonist Any estrogen agonist/antagonist may be used as the 
second compound of ttiis invention. The term estiDgen agonist/antagonist refers to 
compounds which bind with the estrogen receptor, inhibit t>one tunmver and prevent 

5 bone toss. In particular, estrogen agonists are herein defined as chemical 
compounds capable of binding to the estrogen receptor sites in mammalian tissue, 
and mimicking the acttons of estrogen in one or more tissue. Estrogen antagonists 
are herein defined as chemical compounds capable of binding to the estrogen 
receptor sites in mammalian tissue, and btocMng the actions of estrogen in one or 

0 more tissues. Such activities are readily determined by those sklHed in the art 
according to standard assays including estrogen receptor binding assays, standard 
bone histomorphometric and densitometer mettiods (see Eriksen E.F. et aL, Bone 
Histomorphometry, Raven Press, New York, 1994, pages 1-74; Grier SJ. et al., 
The Use of Dual-Energy X-Ray Absorptiometry In Animals, Inv. Radiol., 1996, 

5 31(1):50-62; Wahner H.W. and Fogebnan I., The Evaluation of Osteoporosis: Dual 
Energy X-Ray Absorpfiom^ in Clinical Practice., Martin Dunitz Ltd., London 1994. 
pages 1-296). A variety of these conrnx>unds are described and referenced below, 
however, ottier estrogen agonists/ antagonists will be known to ttiose skilled in the 
art. A preferred estrogen agonist/ antagonist is drotaxifene: (phenol, 3-[1-[4^* 

D (dimethyiamino)ethoxyH>heriyq-2«phenyl-1-butenyQ-, (E)-) and associated 
compounds which are diseased in U.S. Patent No. 5,047,431, the disclosure of 
which is hereby incorporated by reference. 
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Another preferred estrogen agonist/antagonist is tamoxifen: (ethanamin6,2-[- 
4-(1 ^-diphenyl-1-buteny()phenoxyI-N,N-dimethyl, (Z)*2,2-hydroxy-1 ,2,3-propanetri- 
carboxylate (1:1)) and associated compounds which are disclosed in U.S. Patent 
No. 4,536,516, the disclosure of which is hereby incorporated by reference. 
5 Another related compound is 4-hydroxy tamoxifen which is disclosed in U.S. Patent 
No. 4,623,660, the disclosure of which is hereby incorporated by reference. 

Another preferred estrogen agonist/antagonist is raloxifene: (methanone, [6- 
hydrexy-2-(44)ydroxyplwiyl)benzo[b]thien-3-yl][4-[2^ 

.hydrochloride) and assodated compounds which are disclosed in U.S. Patent No. 
10 4,418,068, the disclosure of which is hereby incorporated by reference. 

Another preferred estrogen agonist/antagonist is idoxifene: Pyrrolidine, H- 
[4-([1-(4-iodophenyl)-2-phenyl-1-Butenyl]phenoxy]ethyl] and associated compounds 
which are disclosed in U.S. Patent No. 4,839,155. the disclosure of which Is hereby 
irtcorporated by reference. 
15 Other preferred estrogen agonist/antagonists include compounds as 

described in commonly assigned U.S. patent no. 5,552,412 the disclosure of which 
is hereby incorporated by reference. Espedaiiy preferred compounds which are 
described therein are: 

c/s^4-fluoro-phenyl)-5-[4-(2-f)iperidin-1-yl-eth^ 
20 tetrahydro-naphthalene-2-ol; 

(-)-ds-6i>henyi-5-[4-(2-i>ynreri^ 
naphthalene-2-ol; 

crs^phenyl-5^4-(2H?yrrolidin-1-yl-ethoxy)-phenylh5,^ 
naphthalene*2-ol; 

25 ors-1-[6*-pynrotodinoethoxy-^ -pyridyl]-2-phenyl-6-hydre^^ .2,3,4- 

tetrahydronaphthalene: 

1-{4*-pyrrolidinoethoxyphenyl)-2-(4"-fluorophenyl)-6-hydroxy-1,2.3^ 
tetrahydroisoquinoiine; 

Cfs-6-(4^roxyphwyl)-5-[4-(2^>iperidin-1-yl-e^ 
tetrahydro-naphthalene-2-ol; and 

H4 -pyrrolidinolethoxyphenyl>-2i3henyl-64iydroxy-1 ,2,3,4- 
tetrahydroisoquinoiine. 
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Other estrogen agonist/antagonists are described in U.S. Patent No. 
4.133.814, the dlsdosure of which is hereby incorporated by reference. U.S. Patent 
No. 4.133.814 discloses derivatives of 2-phenyl-3-aroyl-benzothiophene and 2- 
phenyl-3-aroylbenzothiophene-1-oxide. 
5 The following paragraphs provide preferred dosage ranges for various anti- 

resorptive agents. 

The amount of the anti-resorptive agent to be used is determined by its 
activity as a bone loss inhibiting agent. This activity is determined by means of an 
individual compound's pharmacoidnetics and its minimal maximal effective dose in 
10 inhibition of bone loss using a protocol such as those referenced above. 

in general an effective dosage for the activities of this invention, for example 
the treatment of osteoporosis, for the estrogen agonists/antagonists (when used in 
combination with a compound of Fomnula I or a phamnaceutically acceptable salt or 
prodrug thereof of this invention) is in the range of 0.01 to 200 mg/kg/day. 
15 preferably 0.5 to 100 mg^g/day. 

In particular, an effective dosage for droloxifene is in the range of 0.1 to 40 
mg/kg/day. preferably 0.1 to 5 mg/kg/day. 

In particular, an effective dosage for ratoxifene is in the range of 0.1 to 100 
mg/kg/day. preferably 0.1 to 10 mg/kg/day. 
20 In particular, an effective dosage for tamoxifen is in the range of O.rto 100 

mg/kg/day, preferably 0.1 to 5 mg/kg/day. 
In partkxilar, an effective dosage for 
ds^(4-fluoroi)heny!)-5^4-(2-piperidin-1-yl-etho^^ 
tetrahydro-naphthalene-2-ol; 
25 (-)<rs-6-phenyl-5-[4K2-pynnolKJin-1-yl-ethoxyH^ 

naphthalene-2-ol; 

ds-6-phenyl-5-[4K2-pyrTdidin-1-yt-ethoxy)-phenyl>5,6,7,8-tetra^ 

naphthalene-2-ol; 

cis-1-p*.pyrrolodinoetho)v-3''^yridyO-2-phenyl-e4i^ ,2.3,4- 
30 tetrahydronaphthalene; 

1-(4*-pynoIklinoethoxyphenylh2K4"-fluorophenyl>-^ 
tetrahydroisoquinoline; 
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d5-6"(4-hydroxyphenyl)-5-[4-(2-piperidirv1-yl-ethoxy)-pheny^ 
tetrahydro-naphthalene-2-ol; or 

1.(4'>pyrrolidinolethQxyphenyl)-2-phenyl-6-hydroxy-1,2.3,4- 
tetrahydroisoquinoltne is in the range of 0.0001 to 100 mg/kg/day, preferably 0.001 
5 to 10 mg/kg/day. 

In particular, an effective doss^e for 4-hydnoxy tamoxifen is in the range of 
0.0001 to 100 mg/kg/day, preferably 0.001 to 10 mg/kg/day. 
Assay for stimulation of GH release from rat pituicvtes 

Compounds that have the ability to stimulate GH secretion from cultured rat 

10 pituitary cells are identified using the following protocol. This test is also useful for 
comparison to standards to detennine dosage levels. Cells are isolated fjom 
pituitaries of 6-week old mate Wistar rats. Foliov\nng decapitation, the anterior 
pituitary lobes are removed into cold, sterile Hank's balanced salt solution wttiiout 
caldum or magnesium (HBSS). Tissues are finely minced, then si4)jected to two 

15 cycles of medianically assisted enzymatic dispersion using 10 U/mL tiacterial 
protease (EC 3.4.24.4, Sigma P-6141, St Louis, Missoun*) in HBSS. The tissue- 
enzyme mixture is stirred in a spinner flask at 30 rpm in a 5% COj atmosphere at 
about 37 X for about 30 min., witii nrianual trituration after about 15 min. and about 
30 min. using a 10-mL pipet This mbdure is centrifuged at 200 x g for about 5 min. 

20 Horse serum (35% final concentiBtion) is added to the supernatant to neutralize 
excess protease. The pellet is resuspended in fresh protease (10 U/mL), stirred for 
atx>ut 30 min. more under the prevkHJS conditions, and manually triturated, 
ultimately through a 23-gauge needle. Again, horse serum (35% final 
concentration) is added, then the ceils from both digests are combined, pelleted 

25 (200 X g for about 15 min.), resuspended in culture medium (Dulbecco's Modified 
Eagle Medium (D-MEM) supplemented with 4.5 g/L glucose, 10% horse serum, 
2.5% fetal bovine serum, 1% norvessentiat amino acids, 100 U/mL nystatin and 50 
mg/mL gentamycin sulfate, Gibco, Grand Island, New York) and counted. Ceils are 

plated at 6.0-6.5x10^ cells per on^ in 48-well Costar^ (Cambridge. Massachusetts) 
30 dishes and cultured for 3-4 days in ctdture medhim. 

Just prior to GH secretion assay, culture wells are rinsed twice with rel ase 
medium, then equilibrated fbr about 30 minutes in release medium (D-MEM buffered 
with 25 mM Hepes, pH 7.4 and containing 0.5% bovine semm albumin at 37 *C). 
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Test compounds are dissolved in DMSO, then diluted into pre-warmed release 
medium. Assays are run in quadofpticate. The assay is initiated by adding 0.5 mL 
of release medium (with vehicle or test compound) to each culture well. Incubation 
is carried out at about 37 X for about 15 minutes, then terminated by removal of 
5 the release medium, which is centrifuged at 2000 x g for about 15 minutes to 
remove cellular matehat. Rat growth hormone concentrations in the supematants 
are determined by a standard radioimmunoassay protocol described below. 
Measurement of rat growth hormone 

Rat growth hormone concentrations were determined by double antibody 

10 radioimmunoassay using a rat growth hormone reference preparation (NIDDK-rGH- 
RP-2) and rat growth hormone antisemm raised in monkey (NIDDK-anti-rGH-S-5) 
obtained from Dr. A. Parlow (Harbor-UCLA Medical Center. Torrence, CA). 
Additional rat growth homnone (1.5U/mg, #G2414. Scripps Labs, San Diego. CA) is 
iodinated to a specific activity of approximately 30 pCi/Mg by the chloramine T 

15 method for use as tracer. Immune complexes are obtained by adding goat 
antisemm to monkey IgG (ICN/Cappel. Aurora, OH) plus polyethylene glycol, MW 
10.000-20,000 to a final concentratk)n of 4.3%; recovery is accomplished by 
centrifugation. This assay has a working range of 0.08-2.5 pg rat growth hormone 
per tube above basal levels. 

20 Assav for Exoaenoustv-Stimulated Growth Hormone Release in the Rat after 
intravenous Administration of Test Compounds 

Twenty-one day oM female Sprague-Dawley rats (Charles River Laboratory, 
Wilmington. MA) are allowed to acclimate to local vivarium conditions (24 "C. 12 hr 
light 12 hr dark cycle) for approximately 1 week before compound testing. All rats 

25 are allowed access to water and a pelleted commercial diet (Agway Country Food, 
Syracuse NY) ad BbHum. The experiments are conducted in accordance with the 
NIH Guide for the Care and Use of Laboratory Animals. 

On the day of the experiment, test compounds are dissolved in vehicle 
containing 1% ethanol, 1 mM acetic add and 0.1% bovine serum albumh In saUne. 

30 Each test Is conducted in three rats. Rats are weighed and anesthetized via 
intraperitoneal injection of sodium pentobarbital (Nembirtol®, 50 mg/kg body 
weight). F urteen minutes after an sthetic administrati n, a blood sampi is taken 
by nicking the tip of the tail and allowing the blood to drip into a microcentrifuge tut>e 
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(baseline blood sample, approximately 100 pO- Fifteen minutes after Anesthetic 
administration, test compound is delivered by intravenous injection into the tail vein, 
with a total Injection volume of 1 mUkg body weight Additional blood samples are 
taken from the tail at 5, 10 and 15 minutes after compound administration. Blood 
5 samples are kept on ice until semm separation by centrifugatlon (1430xg for 10 
minutes at lOX). Semm is stored at -80 X until serum growth hormone 
determination by radioimmunoassay as descrit)ed above. 

Assessment of Exooenouslv^Stimulated Growth Hormone Release in the Poo after 
Oral Administration 

10 On the day of dosing, the test compound is weighed out for the appropriate 

dose and dissolved in water. Doses are delivered at a volume of 0.5-3 mL/kg by 
gavage to 2-4 dogs for each dosing regimen. Blood samples (5 mL) are collected 
from the jugular vein by direct vena pur^re pre-dose and at 0.17. 0.33, 0.5, 0.75. 
1, 2, 4, 6, 8 and 24 hours post dose using 5 mL vacuteiners contaireng lithium 

15 heparin. The prepared plasma is stored at -20 ^ until analysis. 
Measurement of Canine Growth Honmone 

Canine growth homione concentrations are determined by a standard 
radioimmunoassay protocol using canine growth hormone (antigen for iodination 
and reference preparation AFP-1983B) and canine growth hormone antiserum 

20 raised in monkey (AFP-21452578) obteined from Dr. A. Parlow (Hart>or-UCLA 
Medical Center, Tomence, CA). Tracer is produced by chtoramine T-iodination of 
canine growth hormone to a specific activity of 20-40 MCi/pg- Immune complexes 
are obtained by adding goat antiserum to monkey IgG (ICN/Cappel, Aurora, OH) 
plus polyetiiylene gtycol, MW 10,000-20,000 to a final concentration of 4.3%; 

25 recovery is accomplished by centrifugation. This assay has a working range of 
0.08-2.5 pg canine GH/tube. 

Assessment of Canine Growtii Honnone and Insulin^Uke Growth Factor-1 Levels in 
the doQ after chronic oral administration 

The dogs receive test compoimd daily for either 7 or 14 days. Each day of 
30 dosing, the test compound is weighed out for the appropriate dose and dissolved in 
water. Doses are delivered at a volume of 0.5-3 ml/kg by gavage to 5 dogs for each 
dosing regmfien. Stood samples are coHected at days 0, 3, 7. 10 and 14. Btood 
samples (5 mi) are obteined by direct venipuncture of the jugular vein at pre<lose, 
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0.17. 0.33, 0.5, 0.754. 1. 2. 3, 6, 8. 12 and 24 hours p st administration on days 0. 
7 and 14 using 5 mi vacutainers containing lithium heparin. In addition, blood is 
drawn pre-dose and 8 hours on days 3 and 10. The prepared plasma is stored at - 
20^ until analysis. 
5 Female Rat Study 

This study evaluates the effect of chronic treatment with a GHRP mimetic on 
weight, body composition and non-fasting plasma concentrations of glucose, insulin, 
lactate and lipids in estrogen-deficient and estrogen-replete female rats. Acute 
responsiveness of serum GH levels to i.v. administration of the GH releasing agent 
10 was assessed on the last day of dosing. Body weight was monitored weekly 
throughout the treatment period; additionally, body composition and plasma levels 
of glucose, insulin, lactate, cholesterol and triglycerides were assessed at the end of 
treatment. 

Virgin female Sprague-Dawley rats were obtained from Charies f^iver 

15 Laboratories (Wilmington. MA) and underwent bilateral ovariectomy (Ovx) or sham- 
surgery (Sham) at approximately 12 weeks of age. For sham surgeries, ovaries 
were exteriorized and replaced into the abdominal cavity. Folbwing surgery the rats 
were housed individuaOy in 20 cm x 32 cm x 20 cm cages under standard vivarium 
conditions (about 24 ^ with about 12 hours Hght/12 hours dartc cycle). Ait rats were 

20 allowed free access to water and a pelleted commercial diet (Agway ProLab 3000, 
Agway Country Food, Inc., Syracuse, NY). The experiment was conducted in 
accordance with NIH Guklelines for the Care and Use of Laboratory Animals. 

Approximately seven months post-surgery, Sham and Ovx rats were 
weighed and randomly assigned to groups. Rats were dosed daily by oral gavage 

25 with 1 mL of either vehicle (1% ethand in distiUed-deionized water), 0.5 mg/kg or 5 
mg/kg of a growth hormone releasing agent for 90 days. Rats were weighed at 
weekly intervals throughout the study. Twenty-four hours after the last oral dose, 
the acute response of serum growth hormone (GH) to test agent was assessed by 
the foflowing procedure. Rats were anesthetized with sodium pentobarbital 50 

30 mg/kg. Anesthetized rats were weighed and a baseline blood sample (--100 pi) was 
collected from the tali vein. Test agent (growth hormone releasing agent or vehicle) 
was then administered Intravenously via the tail v in in 1 mL. Approximately ten 
minutes after injecti n. a second 100 pi btood sample was collected from the tail 
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Blood was allowed to dot at about 4 then centnfuged at 2000xg for about 10 
minutes. Serum was stored at about -70 *C Semm growth honnone 
concentrations were determined by radioimmunoassay as previously descnl>ed. 
Following this procedure, each anesthetized rat underwent whole body scanning by 
5 dual-energy X-ray absorptiometry (DEXA. Hologic QDR 1000/W. Waltham MA). A 
final blood sample was collected by cardiac puncture into heparintzed tubes. 
Plasma was separated by centrifugation and stored frozen as described above. 

Plasma insulin is determined by radioimmunoassay using a kit from Binax 
Corp. (Portland, Maine). The interassay coefficient of variation is ^ 10%. Plasma 

10 triglycerides, total cholesterol, glucose and lactate levels are measured using At>bott 
VP" and VP Super System® Autoanalyzer (Abbott Laboratories, Irving. Texas)^ . 
using the A-Gent^ Triglycerides, Cholesterol and Glucose Test reagent systems, 
and a lactate kit from Sigma, respectively. The plasma insulin, triglycerides, total 
cholesterol and lactate lowering activily of a growth honmone releasing peptide 

15 (GHRP) or GHRP mimetic such as a compound of Formula i, are determined by 
statistical analysis (unpaired t-test) with the vehk:le-treated control group. 

The conr^xxinds of this invention can be administered by oral, parenteral 
(e.g., intramuscular, intraperitoneal, intravenous or subcutaneous injection, or 
implant), nasal, vaginal, rectal, sublingual, or topk:al routes of administration and 

20 can be fbmiulated with pharmaceuticaliy acceptable carriers to provide dosage 
fonfns appropriate for each route of administratidn. 

Sdki dosage fonms for oral administration include capsules, tablete, pills, 
powders and granules and fdr companton animals the solid dosage fbnms include 
an adnuxture with food and chewable forms. In such solM dosage fonms, the active 

25 compound is admixed with at least one inert pharmaceuticaliy acoepteble carrier 
such as sucrose, lactose, or starch. Such dosage forms can also comprise, as is 
normal practice, additional substances other than such Inert diluente, e.g., 
kd^ricating agents such as magnesium stearate. In the case of capsutes, tablets 
and pills, the dosage forms may also comprise buffering agents. Tablete and pills 

30 can additionally be prepared with enteric coatings. In the case of chewable fonms, 
the dosage form may comprise flavoring agents and perfuming agente. 

Liquid dosage forms for oral administration include phanmaoeulically 
accepteU emirisi ns, solutions, suspensions, symps. the lixirs oonteining inert 
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diluents commonly used in th art, such as water. Besides such in rt dilu nts, 
compositions can also include adjuvants, such as wetting agents, emulsifying and 
suspending agents, and sweetening, flavoring and perfuming agents. 

Preparations accorcfing to this invention for parenteral administration include 
5 sterile aqueous or norv-aqueous solutions, suspensions, or emulsions. Examples of 
non-aqueous solvents or vehicles are propylene glycol, polyethylene glycol, 
vegetable oils, such as olive oil and com oil, gelatin, and irijectabie organic esters 
such as ethyl oieate. Such dosage forms may also contain adjuvants such as 
presenting, wetting, emulsifying, and dispersing agents. They may be sterilized by. 

10 for example, filtration through a bacteria-retaining filter, by irKorporating sterilizing 
agents into the compositions, by irradiating the compositions, or by heating the • 
compositions. They can also be manutactured in the form of sterile solid 
compositions which can be dissolved in sterile water, or some other sterile injectable 
medium immediately before use. 

1 5 Compositions for rectal or vaginal administration are preferably suppositories 

which may contain, in adcBtion to the active substance, exdpients such as coca 
butter or a suppository wax. 

Compositions for nasal or sublingual administration are also prepared with 
standard exdpients well known in the art 

20 The dosage of active ingredient in the compositions of this invention may be 

varied; however, It is necessary that the amoiffit of the active Ingredient be such 
that a suitable dosage fbrm is obtained. The selected dosage depends upon the 
desired therapeutic effect, on the route of admNstration. and on the duration of the 
treatment Generally, dosage levels of be^feen 0.0001 to 100 mg/kg of body 

25 weight daily are admaiistered to humans and other animals, e.g., mammals, to 
obtain effective release of growth hormone. 

A preferred dosage range in humans is 0.01 to 5.0 mg/kg of body weight 
daily which can be administered as a single dose or divided into multiple doses. 

A preferred dosage range in animals other than humans is 0.01 to 10.0 

30 mg/kg of body weight daily which can be administered as a single dose or divided 
Into multipl doses. A more preferred dosage range in animals other than humans 
is 0.1 to 5 mg/kg of body weight daily which can be administered as a single dos r 
divkJed into multiple doses. 
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Throughout this disclosure the foflowirig abbreviations are used with tiie 
foliowing meanings: : ^ ' ^ 

BOC t-Butyloxycarbonyl 
Bz Benzyl 

5 BOP Benzotriazol-1-yloxy tris(dimethytamino) phosphonium 
hexafiuorophosphate 
CBZ Benzytoxycarbonyl 
GDI N.N'-Carbonyldiimidazoie 
DCC DicydohexylcartHXiiimide 
1 0 DEC 1 ,2-Diethyiaminoathyl chloride hydrochloride 
DMAP 4-Dimethylaminopyridine 
DMF Dimethyiformamide 
DPPA Dfphenylphosphoryi azide 

EEX^ 1-(3-Dimethylaminopropyl)-3^thyicarfoodilmide hydrochloride 
15 EtOAc Ethyl acetate 
Hex Hexane 

HQAT 1-Hydroxy-7-azabenzotriazoie 

HOBT Hydroxyt>enzotriazole hydrate 

HPLC High pressure liquid chromatography 
20 Hz Hertz 

KHMDS Potassium Bis(trimethyisilyi)amide 

LHMDS Lithium Bis(trimethylsilyi)amlde 

MHz Megahertz 

MS Mass Spectrum 
25 NaHMDS Sodium Bis(trimethyisnyl)amide 

NMR Nudear Magnetic Resonance 

PPAA 1-Propanephosphonic add cyclic anhydride 

PTH Parathyroid hormone 

TFA Trifluoroacetic add 
30 THF Tetrahydrofuran 

TLC Thin layer chromatography 

TRH Thyrotropin releasing hormone 
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The preparation of the compounds of Formula I of th pres nt invention can 
be carried out in sequential or convergent synthetic routes. Syntheses detailing the 
preparation of the compounds of Formula I in a sequential manner are presented in 
the fbtlowing reaction schemes. 
5 Many protected amino add derivatives are commercially available, where the 

protecting groups, Prt, Prf or Prf' , are, for example, BOC, CBZ. FMOC, benzyl or 
ethoxycart)onyl groups. Other protected amino add derivatives can be prepared by 
literature methods vralHcnown to one skilled in the art Some substituted 
piperazines and piperidines are commerdally available, and many other 

10 piperazines and 4-substituted piperidines are known in the literature. Various 
heterocydic substituted pipericfines and piperazines can be prepared following 
literature methods using derivatized hetero^ic intermediates. Alternatively, the 
heterocydic rings of such compounds can be derivatized by stendard means, such 
as coupling with CDI, hydrogenatkin of aromatic heterocydes, etc. as is well-known 

15 to those skilled in the art 

Many of the schemes ilkistrated below describe compounds whk:h contain 
protecting groups Prt Prt or Prf which can be any suitable protecting group known 
to those skilled in the art Benzyfoxycartxmyl groups can be removed by a number 
of methods induding. catelytic hydrogenatton with hydrogen in the presence of a 

20 palladium or platinum catalyst in a protic solvent such as methanol. Preferred 
catelysts are palladium hydroxMe on carbon or palladium on cart>on. Hydrogen 
pressures from 1-1000 psi can be employed; pressures from 10 to 70 psi are 
preferred. Alternatively, the benzyloxycarbonyl group can be removed by transfer 
hydrogenation. 

25 Removal of BOC protecting groups can be carried out using a strong add 

such as trifiuoroacetic add or hydrochloric add with or without the presence of a 
cosdvent such as dichloromethane or methanol at a temperature of about -30^ to 
70'C, preferably about -5** to about 35*C. 

Benzyl groups on amines can be removed by a number of methods induding 

30 catelytk: hydrogenation with hydrogen in the presence of a palladium catelyst in a 
protic solvent such as methanol. Hydrogen pressures from 1*1000 psi can b 
employed; pressures firom 10 to 70 psi are prefened. The additton and removal of 
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these and other protecting groups are discussed in detail by T. Greene in Protective 
Groups in Organic Synthesis, John Wiley & Sons, New York, 1981 . 

The variables shown in the foliowing schemes are as described for 
compounds of Formula I, above, unless otherM^se indicated. 
S SCHEME 1 




As illustrated in Scheme 1, coupling of a heterocyclic amine (HET at the NH) 
of formula 1-2, as defined for Formula I, with a protected amino add of formula 1-1, 
where Prt is a suitable protecting group, Is conveniently carried out in an inert 

10 solvent such as dichloromethane or DMF by a coupling reagent such as EOC, DCC 
or DEC in the presence of HOBT or HOAT. In the case where amine 1-2 is present 
as the hydrochloride salt, it is preferable to add one equivalent of a suitable t>as6 
such as triethylamine to the reaction mbdure. Alternatively, the coupling can be 
effected with a coupling reagent such as BOP in an inert solvent such as methanol 

15 or with PPAA in a solvent like ethyl acetate. Such coupling reactions are generally 
conducted at temperatures of about -30^ to about 80*C, preferably 0^ to about 25*C. 
For a discussion of other conditions used for coupling peptides see Houben-Weyl. 
Vol. XV, part II. E. Wunsch. Ed., George Theime Veilag. 1974, Stuttgart 
Separation of unwanted side products arKi purification of intermediates is achieved 

20 by chromatography on silica gel, employing flash chromatography (W. C. Still, M. 
Kahn and A« Miira, J. Org. Chem. 43 2923 1978), by crystallization, or by trituration. 
Transformation of 1-3 into an intermediate of formula 1*4 can be carried out by 
removal of the protecting group Prt as described above. 




As Ulustrated in Scheme 2, coupling of a lieteroqrclic amine of formula 1-2. 
5 as defined in daim 1. with an amino acid of fbmiula 2-1, where and R* are not 
hydrogen, is conveniently carried out in a manner similar to that desoit^ed in 
Scheme 1. 



10 





^rt 




3-3 



As aiustrated in Scheme 3, an intennediate ether of fbnmula 3-2 can be 
prepared t>y treating an amino add of formula 3-1, where Prt is a suitable protecting 
group, with a base such as potassium carbonate or sodium hydride fbllowed by an 
15 alkyi halide. benzyl halide, tosytate or mesylate such as benzylbromide in a suitable 
solvent such as DIMF or THF. Deprotedion of the amine transfonns 3-2 into 3-3. 
Altematively, many amino adds of formula 3-3 are commerdaiiy available. R is a 
group defined for R* in Formula I. above. 
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SCHEME 4 




As illustrated in Scheme 4, intermediates of fbrmula 4-2 can t>e prepared by 
treating an add of fonnuia 4-1 wHh hydroxysuccinimtde in the presence of a 
5 coupling agent such as EDC in an Biert solvent such as methylene chloride. 
Treating 4*2 with an amino add of fomiula 4-3 in a solvent such as DMF in the 
presence of a k>as6 such as diisopropylethyiamine produces compounds of formula 
1-1. 
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SCHEME5 
Q 



HO' 

5-1 

2-1 



+ HO~N 




5-2 



NH 

A* 



5-3 



As illustrated in Scheme 5, dipeptides of formula 2-1, where and R' are ' 
not hydrogen, is oonvenientiy synthesized by the procedures described in Scheme. 
5 4. 

SCHEMES 
Pit 

1) Base 




10 



Intemiediate esters of formula 6-2. where Prt and Prt are protecting groups, 
preferrably Prf is a cart>amate protecting group such as CBZ. can be prepared by 
treating an acid of formula 6-1 with a base such as potassium carbonate followed by 
an dkyi halid such as iodomethane in a suitabi solvent such as DMF. 
Alternatively, an ester of fbnmula 6-2 can be prepared by reacting an add of formula 
6-1 with diazomethane. For the preparation of compound 6-2 see Bigge, C.F. et al., 
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T L Lett. 1989. 30. 5193-5196. Intermediate 6-4 Is generated by alkylating ester 
6-2 with a reagent such as an alkyi halide. tosylate or mesylate with a t)ase such as 
NaHMDS In a suitable solvent system such as DMF/THF at a temperature of about - 
78'C. 

5 Intermediate carbamates of fbmnula 6-5 can be prepared by reading an 

intermediate of fonnula 6-4 with a hydrkle such as sodhjm borohydride or 
superhydride. Transformation of intermediate 6-5 to 6-6 can be achieved by 
removal of the protecting group Prt as described atowe. 

SCHEME 7 




Transformation of Intermediate 6-4 to 7-1 can be achieved by removal of the 
protecting group Prt as described above. Intermediate ureas of fonnula 7-5 can be 
prepared by reading an Intermediate of formula 7-1 with either an acyl irradizolkie of 
formula 7-2, an isocyartate of forrmda 7-3. or phosgene (or other phosgene 
15 equivalent) foHowed by an amine of formula 7-4 in the presence of a suitable base 
such as trielhyiamine. When R' is -CHj-pyridyl it is prefterned to use an isocyanate 
oracylimkfizoBde. Transfbrmatton of 7-5 to 7-6 can be achieved by removal of the 
protecting group Prt as described above. 
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15 




8-4 




reductive 
amination 





V o' V 

8-7 8^ 

An intermediate benzylamine of fonnula 8-1 can be prepared t>y treating an 
amine of fbnmuia 7-1 wHh a t>ase such as diisopropyiethylamine fbilowad by a 
benzyl halide such as benzyl bromide in a suitable solvent such as acetonitfiie. 
Alternatively, 8-1 can be prepared by treating 7-1 wHh benzaldehyde and a suitable 
reducing agent such as NaCNBHa or Na(0Ac)3BH in a suitable solvent such as 
methanol or dichloromeihane. An alcohol of the formula 8-2 can be prepared by 
reducing an intermediate of the formula 8-1 with a reducing agent such as 
superhydride in a suitable solvent such as THF. An alcohol of the formula 8-2 can 
be o^dized to an aldehyde of the fonnula 8-3 with an oxidizing agent such as oxalyl 
chloride/CNy/ISO in a suitable solvent such as dichloromethane at a tOTiperature of 
about -78°C. with the later adcfition of a base such as triethylamine to neutralize the 
reaction mixture (Swem-type oxidation, see Manouso. A.J., Swem. D., Syhthesis, 
1981, pp. 165-185). Compounds of fonnula 8-5 can be prepared by treating an 
aldehyde of formula 8-3 with an amine of formula 8-4 hi the presence of a suitable 
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reducing agent which include alkali m tal borohydrides and cyanoborohydrides. 
The preferred reducing agent is sodium cyanoborohydride. Sodium borohydride 
and sodium triacetoxytx)rohydride may also be used. For a general review of 
reductive aminations see R. F, Borch, Aldfichimica Acta. 8, 3-10 (1975). Removal 

5 of the benzyl group to give 8-6 can be accomplished by a number of reductive 
methods including hydrogenation in the presence of platinum or palladium catalyst 
in a protic solvent such as methanol. Cydkation of a diamine of fonmula 8-6 with 
CDI or other phosgene equivalents generates a compound of fomnula 8-7. Removal 
of the proteding group, as described above, transforms 8-7 into 8-8. 

10 SCHEMES 




As IHustratBd In Scheme 9, an Intermediate hydantoin of formula 9^ can be 
prepared in three steps. An ester of fbrmuia 9-1. prepared by deavage of Prf from 
6-2. can be acyiated with an ac^ imidizollde of fbmiula 7-2, an isocyanate of 
15 formula 7-3. or phosgene (or other phosgene equivalent) followed by an amine of 
fomuia 7-4 in the presence of a siAtable base such as trielhylamine. 
Transfonnation of 9-3 to 9-4 can be accbmplished by removal of the protecting 
group Prt as described above. 

SCHEME 10 




Intemnediates of formula 10-1 can be prepared by treating a compound of 
formula 7-1 with an ac^ chloride r other activated cart>o)^ic add derivative and a 
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suitable bas , such as TEA or N.N-diisopropylethylamine. Cydization of a 
compound of formula 10-1 occurs upon treating 10-1 with a strong t>a8e such as 
l_HMDS at a suitable temperature, about -78 "C to 40 "C, to produce an 
intermediate of fonnula 10-2. When R* and/or R^" is H. 10-2 may be alkylated with 
5 a reagent such as methyl iodide in the presence of a base like NaH to give 10-2 
where R^ and R^° are not H. Removal of the protecting group, as described above, 
transforms 10-2 to 10-3. 



SCHEME 11 




11-7 11-« 11^ 



10 Intermediate a,p-unsaturated esters orfomniia 11-3 (R is an aikyi group) can 

be prepared by olefinating 11-1 with a reagent such as the anion generated upon 
treating trimethy^hosphonoacetate with a strong base such as potassium tert- 
butoxide in a suitable solvent such as THF. Catalytic hydrogenation, such as with 
Pd on cartxm in the (xesence of hydrogen, preferably at 1-4 atmospheres, in a 

15 suitable solvent, such as ethyl acetate or methanol, raduces the double bond of 
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11-3 to produce 11-4. Set ctive hydrolysis of the I ss hind red st r group in 11-4 
can be performed with a base such as an alkali metal hydroxide in an appropriate 
solvent, such as a mbcture of water, methanol, and/or dioxane. A carboxylic add of 
formula 11-5, thus produced can be transfbnmed to 11-6 by converting 11-5 to an 
5 acyi azide, such as with DPPA and TEA in benzene, followed by rearrangement to 
an isocyanate by heating to reflux in a solvent such as t)enzene, which is then 
reacted with benzyl alcohol to form 11-6. A lactam of formula 11-7 can be prepared 
by removal of the CBZ protecting group from the amine in 11-6. followed by 
cyclization of the amine with the adjacent ester group. Deprotection of this material 

10 provides 11-9, = H. AKematively, amide 11-7 can be alkylated by deprotonation 
with a strong base such as sodium hydride, LHMDS, or KHMDS in a suitable solvent 
such as DMF or THF followed by treatment with an alkylating agent such as an alkyi 
halide, mesylate or tosyiate. The product, 11-8, may then be deprotected. as 
descrtt>ed above, to provide 11-9. One skilled in the art will recognize ttiat 

15 sut>stitution next to the lactam nitrogen coukJ have been introduced by alkylating 
ester 11-4 or by olefinating 11*1 to give a tetra-substituted olefin analogous to 11-3. 

SCHEME 12 

^ ^ ^ 

jnr hXtit 



11-1 12-1 



12-2 




12-3 



12-4 



Intermediate enol ethers of formtda 12-1 can be prepared l)y treating 11-1 (R 
20 is an allq^ group) witti a reagent, such as methoxymethyl triphenylphosphwiium 
chloride and a strong bas , such as potassium tert-butoxide, in a suitat)! solvent 
such as THF. Hydrolysis of an end ether of formula 12-1 under addic conditions 
produces aldehyde 12-2. Reduction of the aldehyde group to an alcohol, for 
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exampi with socfium b rohydride in m thanol, followed by cydization converts 12*2 
to a lactone of formula 12-3. Deprotection of the nitrogen, as described above, 
affords 12-4. One skilled in the art will recognize that an R^^ substituent could have 
been introduced by alkylating aklehyde 12-2. In addition, substitution next to the 
5 lactone oxygen (R^/R^^ could be intat>duced by olefinating 11-1 to give a tetra- 
substituted olefin and by treating the latter ketone or aldehyde (12-2) with an alkyi 
metal such as a Grignard reagent 

SCHEME 13 




10 Reduction of the ketone in 11-1 (R is an alkyI group) to an alcohol with a 

suitable reducing reagent, such as with sodium borohydride in metharK>l, converts 
11-1 to 13-1 Hydrolysis of the ester gnxip in 13-1 according to the method 
discussed in Scheme 11 produces add 13-2. Transformation of 13-2 to 13-3 can be 
achieved by converting 13-2 to acyl azides. for instance with DPPA and TEA in a 

15 solvent such as benzene, followed by rearrangement to isocyanates, which then 
react intramolecularfy with the adjacent alcohol to form carbamate 13-3. 
Deprotection of ia^ aa described above wouM provides 13-5 where R^ is H. 
Alternatively, carbamate 13-3 can be all^latBd by deprotonalion with a strong base 
such as sodium hydrid , l>IMDS, or KHMDS in a suitable soiv nt such as DMF or 

20 THF fUbwed by treatment with an alkylating agent such as an alkyi halkJe (R^- 
halMe), mesylate or tosylate. Removal of the protecting group, as described above, 
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transforms 13-4 to 13-5. One skilled in the art will recogniz that an R^^ substituent 
could have been introduced by treating ketone 11-1 with an alkyi metal reagent, 
such as methyl magnesium bromide, at a suitable temperature for a Grignard 
reaction. 

5 SCHEME 14 




Removal of the carbamate protecting group, Prt, ftom 11-1 (R is an alkyi 
group) produoes 14-1. Reprotection, such as with a benzyl group gives 14-2. 
Treating 14-2 with hydroxylamine yiekis an oxime of formula 14-3. The oxime and 

10 ester groups in 14-3 can be reduced to an amine and alcohol, respectively, to fbrm 
14-4 with a suitable reducing reagent, such as with lAH in THF. Transfbrmatton of 
144 to a cartMimate of fbrmula 145 can be achieved by reaction of 14-4 with COI 
or another phosgene equivalent in the presence of a t>ase Gke TEA and solvent 
such as DME. Deprotedkin of 14-5 produoes 14-7 where R^ is H. Attemativeiy, 

15 ali^alion of th cartoamate as described above (Scheme 13) affords 146, which 
can be deprotected, as described above, to give 14-7. 
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SCHEME 15 




154 15-5 15^ 



Treating 15-1 with a strong base such as sodium hydride in a suitable 
solvent such as DMF, followed by treatment with an alkylating agent, such as an 
5 alkyi halide, mesylate or tosylate, produces an N-substituted imide of formula 15-2. 
Reductk>n of the pyridine ring by catalytic hydrogenation, such as with Pd on cart>on 
in an ethanoUc HCI solution converts 15-2 to 15-3. Protectton of the nitrogen, such 
as with a benzyl group, gives 15-4. A compound of the formula 15-5 can be 
generated upon depncrtonation of 15-4 with a suitable strong base such as LHMDS 
10 in a solvent such as THF at a temperature of about -78 ""C, followed by alkytation 
with an electropNIe such as an alkyI halide such as benzyl bromide. Cleavage of the 
protecting group, as described above, then gives 15^. 

SCHEME Id 




15 



Deprotection of 16-1 as described above produces 16-2. 
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Condensation of 17-1 (R is an alM group) with an amidine in a solvent such 
as ethanol at an etevated temperature, (mferably refluxing soivsnt. produces a 
5 heteroqrdic intemiediate of formula 17-2. Deprotection of 17-2. as descrftied above, 
gives an intermediale of formula 17-3. 

SCHEME 18 





An intermediate amine of formula 18-2 can be prepared firom a keton of 
10 formula 11-1 (R Is an alkyl group) by reductive amination as described above (see 
Scheme 8). Protection of the secondary amine in 18-2 produces 18-3. Intermediate 
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cartMxytic acids of formula 18-4 can be prepared by hydrolysis of th ster group of 
formula 18-3 (see Scheme 11). Transfomiation of 18-4 to 18-5 can be achieved 
through an intermediate acyl azide as described above (see Scheme 11). 
Cydization of an intermediate of formula 18-5 at a suitable temperature after 
5 removing Prt' yields an intermediate urea of fomiula 18^. Deprotection of 18-6 
provides 18-8 where is H. Alternatively, urea 18-6 can be alkylated by 
deprotonation >wfth a strong base such as sodium hydride, LHMDS, or KHMDS in a 
suitable solvent such as DMF or THF fbllowed by treatment with an alkylating agent 
such as an alkyi halide. mesylate or tosylate. Removal of the protecting group 
1 0 transfonns 1 8-7 to 18-8 where R^ and R^ are each alkyl. 

SCHEME 19 




As illustrated in Scheme 19. reduction of a ketoester of formula 19-1, such 
as witti sodium borohydride bi methanol, preferably at 0 *C. produces an alcohol of 

15 formula 19-2. An htermediate of formula 19-3 can be pr^rared by protection of the 
hydrmyl group in an intermediatB of formula 19-2 with a suitable protecting group, 
such as forming a tetrtfiydropyranyl acetal orsllyl ether. Transformation of the ester 
of fbrmula 19-3 to amMe 19-5 can be achieved as described abov (see Scheme 
11). Deprotection of the hydroxy group off 19-5 yields the free alcohol tntenmdiate. 

20 which can be oddized to an interroedate ketone of formula 19^ with a sidtaUe 
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Qxidizing agent such as pyridinium chlorochromate or a Swem-type reagent (see 
Scheme 8), Transfbrmation of 19-6 to a cydized cartiamate of formula 19-7 can be 
achieved by treating 19-6 with an allcyl metal, such as a Grignard reagent, in a 
suitable solvent such as THF, followed by cydization. Removal of the protecting 
5 group then yields 19-9 wherein R* is H. Alternatively, the carbamate of 19-7 may be 
aHcylatsd as described above (see Scheme 13) to afford 19-8, which can then be 
deprotected to provide 19-9. Those skilled in the art will recognize that an R^ 
subsiituent could have been introduced by alkylating ketoester 19-1. 

SCHEME 20 




10 11-7 

An altennate synthesis of lactam 11-7 is illustrated in Scheme 20. An alcohol 
of fbmfiuia 13-1 can be converted to an intermediate nitrile of formula 20-1 by first 
activating the hydroxyl of 13-1 (R is an alkyi ^up), such as with methanesulfbnyl 
chtoride or methanesuffonic add in a suitable solvent, such as methylene cNoride in 

15 the presence of an amine base. Subsequent reactran of 20-1 (LO- is an activatad 
hydroxyl) with a cyatkje salt, such as potassium (^ankle, then yieMs an 
Intennediate nitrile of formula 20-2, which can be transformed to 11-7 by catalytic 
hydrogenation of the nitrile to amine, which then reacts with the ester group to form 
lactam (1 1-7). Those skOied in the art will recognize that an R** substituent could be 
20 introduced by alkylating nitrile 20-2. 
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SCHEME21 




N— Prt 



BOX 




10 



NHriles of formula 21-1 can be prepared from esters, add halides and acids 
of formula 1 1-1 by a variety of known methods (for examples, see R. Larock pages 
976, 980 and 988 in Comprehensive Organic Transfbrmattons: A GuMe to 
Functional Group Preparations, VCH Publishers, 1989). 

Homologation of ketones of formula 21-1 to provkle 21-3 as described above 
(Scheme 12) yiekis an aldehyde of formula 21-3. Oxidation of the aldehyde group 
in 21-3, such as with sodium hypochtorite, provMes an add whk:h can be esterified 
to give 21-4 by a number of methods described above (Scheme 6). Reductton of 
the nitrile group in a compound of fbrmda 21-4. such as by catalytic hydrogenatkxi 
over Pd on carbon, gives an amine vvhk:h will ^dize to give a lactam of formula 21- 
5. Deprotection of 21-5 yields 21-7, R^ is H. Aitemativety, alkytation of the amUe of 
fbrmiria 21-5 as described above (Scheme 11) yields an /V-substituted amide of 
formula 21-6, which can be deproteded to provide 21*7. Those skflled in the art will 
recognize that an R^^ substituent could have been introduced by alkylating ester 21- 
4. 
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22-6 22-7 



bitermediate aloohds of formula 22-1 can be prepared by reducing the 
ketone and ester groups of 11-1 (R is an alM group), such as with a metal 
5 borohydride or lithium aluminum hydride in a suitable solvent such as THF. 
Selective protection of the primary hydroo^l group of the intermediate of formula 
22-1 with a suitable protecting group, such as a triall^lsilyl ether or pivaloyi ester 
gives a secondary alcohol of fbnnula 22-2. An intermediate nilrile of fbrmula 22-4 
can be prepared from the alcohol of fbnmula 22-2 ti^ methods described above (see 

10 Scheme 20). An intermediate nitrite of fbrmula 22-4 can be transfbnned to an ester 
of fomiula 22-5 by aiooholysis of nitrite 22-4, for instance with aqueous Ha or 
sodium hydroxide in ethanoL Removal of the alcohol protecting group and reaction 
of the hydraxyl group with the adjacent ester group in 22-5 forms a tectone of 
formula 22-6. Deprotedion as described above ytelds 22-7. Those skiUed in the art 

15 wBi recognize that an R** substituent oouM have been introduced by treating ketone 
11-1 wHh the appropriate altyl metal reagent Substibition (R*, R^ acljacent to the 
lactone oxygen oouM then be introduced by treating the ester with the appropriate 
aikyi metal reagent Ohe ketone wouM have to b reduced if R^ is not O). 



wo 98/58947 J>CT/IB98/00873,« 



•88- 
SCHEME23 




11-1 23-1 




Intermediato a,p-un8atijratecl nitriles of formula 23-1 can be prepared by 
olirfinating 11-1 (R is an ail^ group) with a reagent such as 
5 q^nomethyltriphenylphosphonium chloride and a strong base, such as KHMD8. in 
a suitable solvent, such as THF. Reduction of the double bond In 23-1, such as with 
sodlwn borohydride in pyridine, produces nitrile 23-2: The ester group of fbnmila 
23-2 can then be transfbrmed to a carfMunats of formula 23-4 by methods described 
above (see Scheme 11). Alcohdysis of the nitrile of 23-4 in an aleohoUc solvent 
10 under acidic condition prockices an ester of formula 23-5. A lactam of fbrmuia 23^ 
can be prepared by removal of ttie CBZprotedHig group, followed by ^dization of 
the amine with the adjacent ester group. Deprotection at this stage provides 23-8, 
is H. Altematively. aikyiation fth amide (according to Scheme 11) provides an 
N-subsitituted lactam, which can be converted to 23-8 by d protection as described 
15 above. On skilled in the art will recognize that an R*^ substituent could hav been 
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introduced by conjugat addition to th unsaturated nitrile (23-1), such as with an 
alkyl cuprate. In addition, R', R^" substituents can be introduced next to the lactam 
cartxjnyl by all^ting nitrile 23-2. 

SCHEME 24 




As iliusbated in Scheme 24. an alcohol of fomwla 24-1 can be prepared 
ftom 19-3 (R is an aHcyi group) by reduction of the ester with a reducing reagent 
such as lithium borohydride in a solvent such as THF. A nitrile of fbrmuia 24-2 can 
be prepared from the alcohols of formula 24-1 by methods described above (see 

10 Scheme 20). Deprotectton of the alcohol of 24-2 followed by oxidation of the 
hydroiQfl as previously described (see Scheme 19) produces a ketone 24-3. 
Treating 24-3 with an alkyl metal such as a Grignaid reagent In a suitable solvent 
such as THF gives an intennediate of fbrmuia 24-4. The cyano group of 24-4 can 
then be converted to an ester t>y alcoholysis as described above (Scheme 22). 

15 Readkm of the tertiary ateohol with the neighboring ester forms a lactone which can 
then be deprotected to give 24-5. One skilled in the art wiU recognize that an 
substituent couki be introduced by alkylating ester 19-3. In add'rtmn. R*. R^" 
substituents could be introduced adjacent to the lactone cartxmyi t>y alkylation 
before final deprotectton. 
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22-1 , 25-1 25-2 




• 25« 

Intermediate of formula 25-1 (LO- is an activated hydroxyO can t>e prepared 
by selective activation of the primary hydroj^l, for instance by tosylation of the less 
hindered hydroxyl group of 20-1 with tosyl chloride in a suitable solvent. Treating 
25-1 with a reagent such as potassium ^anide in a suitable solvent produce a 
nitrile of formula 25-2. Oxidation of the alcohol (see Scheme 19) of fbnnula 25-2 
gives a Ketone of formula 25-3. Transformation of 25-3 to 25-4 can be achieved by 
reductive amination as was described above (see Scheme 8). The cyano amine of 
formula 25-4 can be converted to a lactam of formula 25-5 by treating 25-4 with a 
strong add or base in a protic solvent such as ethanol. Removal of the protecting 
group on the secondary nitrogen can then provide lactam 25-6. One skOled in the 
art will recognize that R*. R^" substituents could be introduced by alkylation of 
lactam 25-5. 

15 SCHBME26 

^CH^, Wh^. 
25-2 26-1 26-2 

A lactone of formula 26-1 cm be prepared by treating a (^ano alcohol of 
formula 25-2 with a strong add such as HO. or a strong base such as NaOH, in a 
protic solvent such as BOH. Deprotedion. as described above, of the secondary 
20 amine of fbnmula 26-1 giv s 26-2. One sidRed in the art win recogniz that R*. R^ 
substituents can be Introduced by alkylation of lactone 26-1 . 



wo 98/58947 



PCT/IB98/0l^73 



10 



HN 



11 R' 
11-7 



-91- 
SCHEME27 

27-1 



\ .1 



27-2 



27-5 



Intermediates of fbfmula 27-1 can be prepared by reducing a lactam of 
formula 11-7 to a pyrroHdine with a suitable reducing reagent such as borane or 
lithium aluminum hydride in a suitable solvent such as THF. Treating 27*1 with an 
acyl chloride of formula RCCX^ (where R is an alky! group) in a suitable solvent 
produces an intermediate amide of fomnula 27-2. Removal of the protecting group of 
the amide of fomnula 27*2 by the method described previously gives an amide of 
formula 27-3. 

A sulfonamide of formula 27-5 can be prepared by treating 27*1 with a 
sulfonate such as tosyl chloride in the presence of a base such as pyridine to yield 
27-4, followed by renrKival of the protecting group as previously descrit>ed. 

SCHEME 28 



12-2 
28-2 



>-Prt 

\ — , 



HO 



28-1 



(CHa)d 



\ — I — 



28-3 



15 Intermediate (fi Is of formula 28-1 (R is an alkyi group) can be prepared by 

treating 12-2 vM\ a suitable reducing agent, such as lithium borohydride, in an 



wo 98/58947 



PCT/IB98/00873 



-92- 

appropriate solvent such as THF. Methods for converting diol 28-1 to furan 28-2 
include dehydration under acidic conditions, dehydration with a reagent such as 
Ph3P(OEt)2. or reaction with a reagent such as toluenesulfonylchloride in the 
presence of a t>ase foliowed by displacement of the act'vated alcohol with the 
5 remaining hydro)Qrt group. Removal of the protecting group from 28-2 subsequently 
forms a compound of formula 28-3. One skilled in the art will recognize that an 
subsfituent can be added by alkylating aklehyde 12-2. In addition, R^ R^" 
substHuents can be ftitnoduced by treating 12-2 with an alkyi metal reagent 

SCHEME 29 



10 




Intermediate aklehydes of formula 29-1 can be prepared by protecting the 
secondary alcohol of 13-1 such as with a silyl ether, foltowed by reductk>n of the 
ester with a reducing reagent such as disobutylaluminum hydrkie at -78 °C in a 
suitable solvent Alternatively, 13-1 can be reduced to the primary alcohol with a 

15 reagent such as Bthium borohydride. and then oxklized to the akJehyde with a 
variety of reagents described above (see Scheme 8). Homologation of aki^ydes of 
formula 29-1 to saturated esters of formula 29-3 can be perfomned as prevtously 
descra>ed (see simflar homologation of ketones in Scheme 1 1). Deprotection of the 
secondary atoohd of 29-3. foOowed by <yclizatk>n produces lactones of formula 

20 29-4. Deprotectton of 29-4 wfll then give 29-5. An R' substituent p to the lactone 
carbonyi may be introduced by cor\jugate additkm to unsaturated ester 29-2, such 
as with an alkyI cuprate. In additton, R', R^ substHuents couM be introduced next to 
the lactone carbonyi by alkylating lacton 2&4. 



wo 98/58947 



PCT/IB98/0a873 



•93- 
SCHEME 30 




Intermediate ketones of formula 30-1 can be prepared by deprotecting the . 
secondary hydro;^ of 29-3 (R is an all^i group), followed by oxidation of the alcohol 
5 to a ketone (see Scheme 19). Reductive amination of 30-1 with a primary amine as 
prevk)usiy described (see Scheme 8) produces intermediate 30-3. CycBzatfon of 
30-3 at a suitable temperature yieMs a lactem of formute 30-4, which can be 
deprotedBd to give 30-5. One skilled In the art will recognize that R^, R^° 
substituents can t>e introduced by alkyiatton of lactem 30-4. 
10 SCHEME 31 
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Homologation of 19*3 (R is an alkyl group) to an st r of formula 31-3 can 
be performed analogously to routes described above (see Scheme 29). Removal of 
Prt of 31*3 gives a secondary alcohol which can t>e oxidized as was previously 
described (see Scheme 19) to produce a ketone of fomfiula 31-4. Treating 31-4 with 
5 an aikyi metal reagent such as a Grignard reagent in a suitable solvent produces 
Irrtenmedtate 31-5, which can be cydized to fomi lactone 31-6. Removal of the 
protecting group then produces 31-7. One sidlled in the art will recognize that an R^^ 
substituent may be intioduced by allcylatlon of ester 19-3. A substituent p to the 
lactone cart)onyl may be introduced by conjugate addition to unsaturated ester 31- 
10 2, such as with an aikyi cuprate. Also, R^ R^^ substituents can be introduced next to 
the lactone by alkyiation of 31^. 

SCHEME 32 




Intermediate diols of formula 32-1 can be prepared by reducing flie lactone 
15 group of 26-2 with a reagent such as Bthium aluminum hydride in a suitable solvent 
such as THF at a suitable temperature. Selective protection at the less hindered 
hydroxy group of 32-1, such as with t-bufyldinr>ethylsayl chloride using triethylambie 
in flie presence of DMAP in a solvent such as dichloromethane, produces alcohol 
32-2. Converston of alcohol 32-2 to a nitrile of fbtrnula 32-4 may be accomplished 
20 as described above (LO- is an activated hydroxyl group) (see Scheme 20). 
Alcohoiysis of the ^no group of fbrmula 32-4 (see Schenfie 22), deprotection of 
tlie akx)hol, and subsequent lactonization forms lactones of formula 32-5. 
Deprotection f an amine of fbmnula 32-5 gives a lactone of fbrmula 32-6. On 
skilled in the art will recognize that R^° substituents can be introduced p- to th 
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ring xygen in lacton 32-6 by alkylating lactone 26-2. Substitution a to the lactone 
ring oxygen may be Introduced by treating 26-2 with an alkyi metal reagent 

SCHEME 33 




33-8 33.7 

5 Intennediate nitriles of fcxmula 33-2 can be prepared by homotogating 12-2 

(R is an alkyI group), analogous to the ketone homok)gation describml in Scheme 
23. Conversion of ester 33-2 to cart>amates of formula 33-4 can be acoompHshed 
as descn'bed above (see Scheme 11). Aknholysis of the (yano group of 3^-4 as 
described above (see Scheme 22) and removal of the CBZ protecting group. 

10 followed by cydizatton of the amine with the adjacent ester group produces a lactam 
of formula 33-5. Deprotection of 33-5 gives the lactam of formula 33^. 

AHematively. alMation of 33-5 in the usual fashion (see Scheme 11) gives 
33-7. which can be deprotected to give 33-8. One skilled in the art will recognize 
that an substituent may be mtroduced by alkylating aldehyde 12-2. An R* 

15 substitutuent may be introduced by oor\jugate addition to the unsaturated nitrite (33- 
1). R^R^''subsiitutk>ncanbeintrDducednexttoth lactam by alkylation of 33-7. 
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34-1 34-2 




The homologation of 25-3 to give a lactam of fcmnula 34-5 can be 
malogousiy perfonned according to the proceduies described in Scheme 21 One 
5 skilled in the art wfll recognize that an substituent may ba introduced 1^ 
aiiq^ating 34-4 (R is an aii^ group). R*. R^" substitution may be introduced by 
ali(yialing nitrite 34-1. 

SCHEME 35 




10 As illustrated in Scheme 35. catalytic hydrogenation of a nitriie of fbnnula 

23-2 (R is an aikyi group) gives an amine, foDowed by (^dization of the amine with 
the adjacent ester group to give lactams of fbnnula 35-1. Oeprotedion of 35-1 gives 
35-3. R^ is H. Altemativeiy. alicylation of lactam 35-1 as described above (see 
Schem 11) provides N-sidsstituted amides of formula 35-2. Deprotecbon of 35-2 
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affbrds 35-3. On skflled in the art will recogniz that an R** substituent may be 
introduced by conjugate addition to the unsaturated nitrile. 

SCHEIME36 





/— < N-Prt ^ V_/ V^-prt 

HO,C^ \-(CH^, M6h,), 

ll-S 36-1 36-2 

As aiustrated in Scheme 36, selective reduciion of the cartx»(ylic add group :' 
of 11-5 to an alcohol, such as by treating 11-5 (R is an alkyi group) with borane in a 
suitable solvent, followed by ^cfization of the alcohol and ester produces a lactone 
of the formula 36-1. Deprotection of 36-1 then gives 36-2. 

SCHEME 37 

NCvf' NCvf' 

0=/ U-Pfi „H0— < N-Prt HO— ( N-Prt_^ 

21-1 37-1 37-2 

H Rx Ri 

HoJ-^^>^ r^oJ^l^^ ^=<o>»^- 



37-4 



37^ 



IntenmediatB alcohols of formula 37-1 can be prepared by reducing the 
ketone of 21-1. such as with sodhim borohydrfcle in a solvent such as methanol at a 
temperature of about 0"C. Reduction of the ^no group to an amine, such as by 
catalytic hydrogenatton, afibrds aminoalcohol 37-2. Treating 37-2 with a reagent eke 
15 GDI or other phosgene equivflent in the presence of a base iil«e TEA (see Sdteme 
14) produces a cydized carbamate of fonnula 37-3. Deprotection of 37-3 then gives 
37-5. R' is H. Allemativeiy. 37-3 may be alkylated as described above (see Scheme 
13) to give an N-substituted carbamate of fbmnute 37-4. which Is deprotected to give 
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37-5. One skilled in th art ^mII recognizB that an R^^substituent may be introduced 
by addition to Icetone 21-1. 

SCHEME 38 




5 Intermediate aminoalcohols of formula 38-1 can be prepared by leducing an 

ester of fbrmula 18-2 (R is an aikyi group), such as with lithium borohydride. 
Treating 38-1 with a phosgene equivalent as described in Scheme 14 produces a 
qfdized cartMmate of fbnmila 38-2. Deprotedion subsequently provides 38-3. 

SCHEME 39 




21-1 39-1 39-2 




Intermediate imines of fbrmula 39-1 can be prepared by condensing the 
ketone of 21-1 with a primary amine under dehydrating conditions, such as 
azeotropic distUlation using a solvent like benzene. Catalytic hydrogenatton to 
reduce the nitrile and imine converts 39-1 to 3&-2. Treating 39-2 with a reagent like 
15 GDI, phosgen , or triphosgene in the presence of a base like TEA produces the 
qrcfized and N-substMuted ureas of fbnnula 39-3. DeprotecUon of this material 
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provides 39-5 where the attached to the ^)-nitrogen is H. Alkytation of 39-3, 
such as with sodium hydride and an aikyi halide produces the N.N'-substituted 
ureas of fonnula 39-4, which can be deprotected to provide 39-5 where the 
attached to the (2)-nitrogen is an ali^l group. 
5 SCHEME 40 




As fliusiratad in Scheme 40. ester 20-2 (R is an ail^ group) can be 
converted to carbamate 40-2 as described above (see Scheme 11). Catalytic 
hydrogenation of 40-2 wiH reduce the iMb and deave the CBZ group to provide a 

10 diamine of forniuia 40-3. Abating 40-3 with a reagent such as CDI. phosgene, or 
triphosgene in the presence of a base iiice TEA produces the ^ized ureas of 
formula 40-4. DeprotBdion at this stage provides where each is H. 
AMematively, all^lation of 40-4, such as by deprotonation wHh a strong base Vke 
socBum hydride followed by reaction wHh an alkylating reagent ike an alM haUde, 

15 to^flate or mesylate produces the N.hf-^ubstitutBd ureas of formula 40-5. 
DeprotBCtion then provides AOS where each is alkyl. One skilled in the art win 
recognize that an R^ substituent may be introduced by alkyiation of nitrfle 20-2. 
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CBZHNv f^' CBZHNv 

/-W. /-(PH2)e 
NC ( N-Prt-^ ROjC — ( N— Prt — 

40.2 

CBZHNv f H^v f ' 

Hc5 ^(by, HO 

41-2 41-3 



41-4 



(fcH^- 41^-^^- - 4!i7<^"^- 



Intermediate estefs of fbimuia 41-1 (R is an alicyl group) can be prepared by 
alooholysis of the e^no group in 40-2 with ettianolic HCI. Reducing the ester group 
5 in 41-1. such as with lithium borohydiide in THF produces an alcohol of fbnnula 
41-2. Catalytic hydrogenation to remove the CBZ group to yield an amine as 
previously described conv«ts 41-2 to 41-3. Treating 41-3 with a reagent like GDI or 
other phosgene equivalent in the presence of a base Nice TEA produces a 
carbamate of fbnnula 41-4. Oeprotection at this stage provides 41-6 where R'is H. 
10 Alternatively, transformation of 41-4 to N-substRuted carbamates of fbnmula 41-5 
can be achieved by deprotonating 41-4 with a stong t>ase such as sodium hydride in 
a solvent Bke DMF. followed by alkylation with a reagent such as an alkyi haBde. 
tosylate or mesyiate. Oeprotection then converts 41-5 to 41-6 where R^ is aikyl. 
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NH2 



Ph — ^--H 





OMe 

R' illle 

42-1 

2eq.CHS^ 

"TeqlxHO 42-4 
Reaction of a ketoester of formula 42-1 with a chiral amine such as aipha- 
methylbenzyiamine with a suitable aldehyde such as formaldehyde, or reaction of a 
5 vinyl ketoester of fomiula 42-2 with a cNral amine such as alpha-methylbenzylamine 
with a suitable aldehyde such as fbrmaldehyde, affords a compound of formula 42-3 
via a double Mannk:h reaction. Compound 42-3 is equivalent to 11-1 where d and e 
are 1, and may be deprotected with a suit£d)le catalyst such as palladium in the 
presence of hydrogen to give 42-4. In addition. 42-3 could be isolated as a single 
10 diastereomer (by selective cydization or separation of diastereomers). thereby 
providing 42-4 as a single enantnmer. 

SCHEME 43 

1 Base J<Y^2^ 

2(RO),c6 i^i).N'<^"2). — " 

i ^ 
Prt 

43.2 ^ 
Treatment of a compound of formula 43-1 with a base such as sodium 
15 hydride in a solvent such as DMF foBowed by treatment with diethyicarbonate 
generates the ethyl ester of compound 43-2 (R is an alkyt group). Deprotection of 
the amine transfbnrns 43-2 into 43-3. it wSI be recognized by on sURed in the art 
ttiat 19-1 is equivalent to 43-3. 
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r "OEt O I^Bas^ >*s^COaR Jl^CpjR 



44-1 ^« ^ 

Treatment of a malontc ester of formula 44-1 (R is an alicyl group) with a 
base such as sodium hydride in a solvent such as DMF and subsequent 
hydrogenolysis of the benzyl group with hydrogen and a catalyst such as palladium 
in a suitable solvent such as methanol produces the ester of formula 43-2. 
Deprotection of the amine generates compounds of formula 43-3. It will be 
recognized by one skilled in the art that 19-1 is equivalent to 43-3. 

SCHEME 45 

o 



45-1 45.2 1^ 





Treatment of a ketone of formula 45-1 with a secondary amine such as 
piperidine in a suitable solvent such as t)enzene with removal of wat^ affords an 
enamine of formula 45-2 (each R is an alkyi group). Ail^lalion of the enamine with 
an alpha-haloester such as ethylbromoacetate in a suitable solvent such as 
IS t>enzene or THF using a suitable base such as LDA or NaN(SiMe3)2 affottds a 
Icetoester of formula 45-3. Reduction with a mild reducing agent such as sodium 
kx)rohydride in methanol and subsequent c^dization then affords 26-1. 
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SCHEME46 



r T Ph/CFjCO,- 

dW. 



43-3 



t^OH 



N 

11-1 



Treatment of a ketoester of formula 43-3 (R is an aikyi group) with an 
iodonium salt such as diphenyliodonium trifluoroacetate in a suitable solvent such 
5 as t-butarK)l generates a ketoester of formula 11-1 where is phenyl. See 
Synthesis, (9), 1984 p. 709 for a detailed description. 

SCHEME 47 
O O 

I 
11-1 

Treatment of a ketoester of formula 43-3 with an olefin such as acrylonitrile 
10 or nitroethyiene generates a ketoester of formula 11-1 where R* is CHaCHjCN or R^ 
is CHjCHaNOz. 

SCHEME 48 



I 

43-3 



N 

In 

43-3 




CO,R 



r 

Prt 
11-1 



15 



Treatment of an ester of formula 43-3 (R is an atl^ group) with a base such 
as sodiwn hydride in a solvent such as OMF foltowed by an all^ haiide 48-1 
generates a compound of fbrmula 1 1>1 as illustratBd In Scheme 48. 



WO 98/58947 . P€T/IB98/0p873 




Treatment of a ketoeater of fbrmula 43-2 wHh aliyi bromide and a auitabi 
bas such as sodium hydride in a suitable solv nt such as DMF affords a ketoester 
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of formula 49-1 (11-1. is aliyQ. Compound 49-1 may then be converted to 13-4 
as described in Scheme 13. Ozonolysis of 13-4 in a suitable solvent such as 
methylene chloride followed by treatment with a reducing agent such as 
dimethylsulfide affords an aldehyde of formula 49-2. Oxidation of 49-2 affords a 
5 cart>oxyiic add of formula 49-3. Curtius rearrangement of 49-3, follo^A^d by 
hydrolysis of the intenmediate tsocyanate affords a primary amine of formula 49-4. 
Treatment of a compound of formula 49-4 with an isocyanate or cari^amate affords 
a urea of formula 49-5. Deprotection of the nitrogen affords compounds of formula 
49-6 (13-5, is CH2NHCONXV). Those skilled in the art will recognize that other 
10 heterocydes, prepared in previous schemes, could be transformed analogously to 
the conversion of 13-4 to 49-6. 



SCHEME 50 




Treatment of a compound of formula 49-2 with a primary amine of formula 
15 HNX^ affords an imine of formula 50-1. Reduction of a compound of formula 50-1 
affords a compound of formula 50-2. Treatment of a compound of fonnula 50-2 
with an acylating agent affords a ccmpound of fonnula 50-3. Deprotection of the 
nitrogen affords compounds of formula 50-4 (13-5. R^ is CH2CH2NX'COX^. Those 
skilled in the art wiK recognize that other hetero^des, prepared in prevfous 
20 schemes, could be transformed in a manner analogous to the conversion of 49-2 to 
50-4. 
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SCHEME 51 




51-2 61^ 



Treatment of a compound of fbmiula 49-2 with a reduchig agent such as 
5 sodium borohydride affords a compound of fomriula 51-1. Reaction of 51-1 with an 
acylating agent such as an isocyanate or carbamate affords compounds of fbmiida 
51-2. Deprotection of ttie nitrogen affords compounds of fonmula 51-3. Those 
skilled in the art will recognize that other heterocycies, prepared tn previous 
schemes, could be transformed in a manner analogous to the conversion of 49-2 to 
10 51-3. 
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SCHEME 52 




51-1 



PPh3.DEAD 



52-1 






<.{H2C).^.(CH2), 
52^ 

Treatment of a compound of fomftula 51-1 with a phosphine such as 
triphenyl phosphine and an azo compound such as diethylazodicarixn^iate and an 
oxindoie affords a compound of foimuia 52-1. Deprotection of tiie nitrogen aflSords 
the compound of fonnula 52-3. Those sidled in the art will recognize that other 
hetero^des. prepared in previous schemes, could be transfomied in a manner 
analogous to the conversion of 49-2 to S2-3. 

SCHEME S3 



10 



43-3 



iit 

S3-1 



.^t 



1.R'X.i(H26)- .(6h,), 



2.H* 



53-2 



Treatment of a ketoester of formula 43-3 wHh a chiral diol and add catalyst 
with removal of water in a suitable solvent such as benzene affords a chiral ketal 
lite formula 53-1. All^ation of 53-1 with an afl^ halide in th presence of a base 
such as LDA followed by add-catalyzed hydrolysis of the ketal affords chiral 
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ketoestsfs of formula 53-2. K toester 53-2 is a single nantiomer of 11-1 and may 
be homologated m a similar tashion to give various heterocydes. 

SCHEME 54 




Q Bu-t-OjC 

-(H,C).^.W. t -8u-0,C-^NH^ f^"^^' r^!:^^ 

43-3 In l>ti 

«-1 53-2 
Treatment of a ketoester of fbmiula 43-3 with a chiral amino add ester such 
as valine t-butyl ester affords a diiral enamine of fbnmula 54-1. Ajkylation of 54-1 
with an alkyi halkje in the presence of a base such as LDA followed by add- 
catalyzed hydrolysis of the enamine affords chiral ketoesters of fonnula 53-2. 

SCHEME 55 



7-6 55-1 



Chiral add 



ciystalHze 



^ ' Lchiraladd J2!i. 




IH 



^ ft 

55-2 " 
10 55-3 

Salt formatton of 7-6 with a chiral add affords a mixture df diastereomeric 

salts of fonnula 55-1 . Grystattizafion of the diastereomeric salts affords the add salt 

of chiral compounds of formula 55-2. Deoompositton of the salt 55-2 with base 

liberates chiral compounds f formula 55-3. This resolution scheme could be 

15 appUadtoth resdutkm f other HET-U^ic compounds described above. 
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SCHEMES6 





a 

56-2 

As ahjstrated in Scheme 56, treatment of 6-4 (P* is C02Bn) with an allcyl 
metal reagent \ike methyl magnesium bromide affords 56-1. Deprotection as usual 
5 then affords 56-2. 

SCHEMES? 





57-2 



J.Ofg.Chem 47;5: 
1682:886-888 




10 



Compounds of fonnuia 57-3 can be prepared from known phthalic or homophthdic 
anhydrides by m^ds previously described by Welch. WiHard M. (J.Org.Chem 47; 
5; 19B2; 886-888. J.Org.Chem.; 47; 5; 1982; 886-888} or Machida. Minom et al. 
(Heterocydes; 14; 9; 1980; 1255-1258). Altemativeiy. the analogous phthaiimides 
or homophthalimides of fomnula 57-1 can be treated with the appropriate hydride 
reagent ( .g.. NaBH4) or oiganometallic reagent ( .g., methyl Grignard). followed by 
trealm nt with sodium or potassium ^nide to produce an intermediate of the 
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fbrmula 57-2. Compounds of fomiuia 57-2 can be conv rted to compounds of 
formula 57-3 as previously described by Welch, Willard M. (J.Org.Chem 47; 5; 
1982; 886-888). 

SCHEME 58 




As illustrated in Scheme 58, intermediates of formula 58-4 can be prepared in four 
steps from oompourKis of ftormula 7-1. Compounds of formula 7-1 are treated yM\ 
a sidtable radudng agent such as Super Hydride® in a suitable solvent preferably 
THF at a temperature of-20 to 50 "C, preferably at around 25 to give 

10 compounds of formula 58-1. Amino alcohols of formula 58-1 are tt)en treated with 
at least two equivalents of methanesutfonyl chloride and at least two equivalents of 
a suitable base, preferably pyridine in a suitable solvent preferably pyridine at a 
temperature of -20 to 50 preferably around 25 to give intennediates of 
formula 58-2. Treatment of 58-2 with a strong base, preferably seobutyllithium at a 

15 temperature of around -78 ""C followed by wanning to a temperature of around 25 
affords intermediates of fonnula 58-3. Removal of the pretecfing group as 
described above, transforms 58-3 into 58-4. 




12-2 

An alternative synthesis of lactam 1 1-8 is illustrated in Sdieme 59. An 
aldehyde of fbnnula 12*2 can be employed in a reductive amination with an amine 
5 and reducing agent, for example sodium triaceto^borohydride. Subsequent 
cyclization of the amine with the adjacent ester group affords 1 1*8. One sidlled in 
the art will recognize that an R^^ sut)stituent could have been introduced acyacent to 
the aldehyde by alMating aldehyde 12-2 according to weD known procedures. 
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5 AM^ydes of fbnnula 60-1 can be prepared by reducing 7-1 with an agent lilce 
diisobu^aluminum hydride at a suitabie temperature, preferably -78 to 
0 *C in a suitable solvent such as THF. methylene chloride, toluene or ether. This 
aldehyde may then be converted to amines of the formula 60-2 by the methods 
described in Scheme 8 to convert 8-3 to 8-5. In addition, an oxime may be formed 

10 by treating the aldehyde with hydro)vtamine hydrochtoride. Reduction of this oxime, 
such as with Raney-nickei provides 60-2 where R^ is hydrogen. Treatment of this 
material with phosgene, tr4>hosgene. carbonyl diimidazole, or other equivalent in the 
presence of a base, preferably a tertiary amine base, provides a route to ureas of 
formula 8-7. Those skilled in the art win recognize that R^ may have been a group, 

15 such as a benzyl or allyl group, which could be deaved to give 8-7 where R^ is 
hydrogen. 

Altemativeiy, compounds of the fomnula 8-7 may be prepared by reducing 
carbamate protected ester 60-3, fbr xample when R^ ~ CHr2-Pyr. according to 
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vwell known reduction techniques to afford aid hyde 60-4 which may then b 
converted to an amine, as descrit>ed at>ove, whteh is then reacted with the 
carbamate at a suitable temperature to provide 8-7. 

SCHEME 61 

5 




10 



Oi fin 61-1 may be prepared by oiefinating aldehyde 60-1 with a reagent 
such as the anion generated upon treating a trial^phosphon acetate with an 
appropriate base, such as NaHMDS In a suitable solvent, such as THF. Reduction 
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Of the olefin, by methods such as catalytic hydrogenation (see Scheme 11) or 
conjugate reduction with an agent such as the alkali metal salt of a 
trialkylborohydiide, such as lithium tri-sec-butylborohydride, provides the 
compounds of formula 61-2. This material is cydized at elevated temperatures in a 
5 reaction inert solvent using cydization conditions well known to those skilled in the 
art. Those skilled in the art will recognize that the cydization reaction may require 
the addition of a base such as potassium cartx>nate. Generally the reaction is 
canied out at reflux m a solvent such as methanol. Deprotection of 61-3 affords 
compounds of formula 61-5 where and = H. Those skilled in the art will 

10 recognize that 61-3 can be alkylated under a variety of conditions, such as by 
b-eating 61-3 with a strong base, e.g., lithium dtisopropylamide or LHMDS in a 
reaction inert solvent such as THF at a suitable temperature, preferably -78 X. The 
anion generated is treated with alkylating reagmts such as alkyi haltdes or alkyi 
tosyiates, such as methyl iodide, to give 61-4. This process may be repeated to 

15 introduce a second substituent Deprotection affords compunds of formula 61-5. 
Those skilled in the art will recognize ttiat a substituent can be introduced p to 
the lactam by conjugate addition to 61-1, such as wouM be afforded by the use of 
an alkyi cuprate reagent 
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SCHEME62 




o 

62-2 




An alternate synthesis of 61-3 Is shown above. Reduction of ketoamide 62- 
5 1 , which is equivalent to 10-2 where and R^^ are hydn>gen, with a reducing agent 
such sodium borohydride, in an reaction inert solvent such as methanol at a suitable 
temperature such as 0^*0 affords alcohol 62-2. The alcohol is reacted under 
standard elimination conditions well known to those skilled in the art to provide 
unsaturated lactam 61-3. Suitable eiimtriation conditions include activating the 

10 alcohol, such as by converting it to the corresponding tosylate or mesyiats. and then 
treating the activated alcohol with base at a suitable temperatuna, for instance with 
1,8-diazabk:ydo[5.4.0]undec-7-ene in refluxing toluene, or by deprotonating the 
amkie with a strong base such as LHMOS. The akx)hol may also be eliminated at 
suitat)le temperatures in the presence of a strong base or strong acid. Those skilled 

15 in the art will recognize that these condittons may also deave the protecting group 
(P). Reduction of 62-3. by methods such as cataiytk: hydrogenation (see Scheme 
1 1) or conjugate reduction with an agent such as the alkali metal salt of a 
trialklyborohydride, like lithium tri-s o4nitylborohy(Mde, will then provide 61-3. Those 
skilled in th art will recognize that a substituent could have been introduced p to 
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the lactam by conjugate addition of a reagent, such as a cuprate, to the unsaturated 
lactam. 

SCHEME 63 

P P 

I H 

62-2 63-1 63-2 

5 Compounds of fbmnuia 63-1 are prepared by deprotonating the alcohol with a stronsT 
base such as sodium hydride, LHMDS, KHMS or NaHMDS in a suitable solvent 
such as DMF or THF followed by treatment with an all^lating agent such as an alkyi 
haide, mesylatB or tosylate. for instance, methyl iodide. The product is then 
deprotected according to methods well known to those skWed in the art to provide 
10 63-2. 

General Experimental Procedures 
Silica gel was used for column chromatograf^. Melting points were taken 
on a Buchi 510 apparatus and are uncorrected. Proton and carbon NMR spectra 
were recorded on a Varian XL-300. UNITYPIus-400. Bmker AC-300. or Bmker AC- 

15 250 at 25 "C . Chemical shifts are expressed hi parts per million downfield from 
trimethyteilane. Particie beam mass spectra (PBMS) were obtained on a Hewlett- 
Packard 5989A spectrometer using ammonia as the source of chemical tonizatkm. 
The protonated parent ion is reported as (M^-lf . For initial sample dissolution 
chtorofbrm or methanol was employed. Atmospheric Pressure Chemical ionizatkm 

20 mass spectra (APd MS) were obtained on a Platform 11 by Rsons (now caned 
MkTomass ln&) instrument They are either nin via +APcl (basic method) or -APcl 
(ackJ method). The mobile phase is 50:50 H20:acetonitrite. Either a protonated 
parent (+APd) or deprotonated parent ion (-APcl) is observed (reported as (M+1)*or 
(M-1)' ). For niitial sample dissolution, thtorofom or methanol was emptoyed. 

26 Thennospray mass spectra (TSMS) were obtained on a Trio-1000 by Rstons 
spectrometer using 0.1 M ammonium acetate in 1/4 water/methanol. The 
protonated parent ion is reported as (fJi*^)*. For initiai sample dissolution 
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chloroform or methanol were employed. TLC analyses were perfomn d using E. 
Merck Kieselgel 60 F254 silica plates visualized (after elution with the indicated 
sotvent(s)) by UV, iodine or by staining with 15% ethanolic phosphomolybdic acid or 
oeric sulfate/ammonium molybdate and heating on a hot plate. The temfis 
5 "concentrated" and ''coevaporated'* refer to removal of solvent at water aspirator 
pressure on a rotary evaporator with a bath temperature of less than AO^'C. 

The following examples are provided for the purpose of further illustration 
only and are not intended to t>e limitations on the disclosed invention. 

General Procedure A (Peptide coupling using DEC). A 0.2-0.5 M solution of 

10 the primary amine (about 1.0 equivalent) in dichloromethane (or a primary amine 
hydrochloride and about 10-1.3 equivalents of trietiiylamine) was treated , 
sequentially wHh about 1.0-1.2 equivalents of the carboxylic add coupling partner, 
about 1.5-1.8 equivalents of 1-hydroxy-7-azabenzotriazole (HOAT) and about 1.0- 
1.2 equivalents 1,2-dietiiylaminoettiyl chloride hydrochloride (DEC) and tiie mixture 

15 was stirred for about 18-48 hours in an ice bath (the ice bath was allowed to warm, 
thus the reaction mbdure was typically held at about 0-20 ''C for about 4-6 hours and 
about 20-25 for the remaintng period). The mixture was diluted with ethyl 
acetate or other solvent as specified, and the resulting mixture washed 1-2 times 
with 1N NaOH or saturated sodium bicartxmate (the aqueous phase being 

20 sometimes back«washed witti ettiyl acetate), once with brine, dried over Na2S04, 
and concentrated giving the caide product which was purified as specified. The 
cart)oxyllc add component could be used as the dicydohexylamine salt in coupling 
to the primary amine or hydrochloride of ttie latter, in which case no triethylamine 
was employed. 

25 General Procedure B (Peptide coupling using EDC). A 0.04-0.5 M solution 

of the primary amine (about 1.0 equivalent) in dichlonomethane (or a primary amine 
hydrochloride and about 1.0-1.3 equivalents of triethylamine) was treated 
sequentially about 1.0-1.2 equivalents of the carix)xyiic add coupling partner, 
about 1.5-1.8 equivalents of 1-hydroxy-7-azabenzotriazole (HOAT), and about 1.0- 

30 1^ equivalents of (stoichiometrically equivalent to the quantity of cartxxxylic add) 1- 
(3-dimethylaminopropyl)-3-ethylcarboditmide hydrochloride (EDC) and the mbdure 
was stirred for about 18-48 h urs in an loe bath (the ice bath was allowed to warm, 
thus the reaction mixture was typically held at about 0-20 ''C for about 4-6 hours and 
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about 20-25 X for the remaining period). The mixture was diluted with chloroform 
or other solvent as specified, and the resulting mixture washed twice with 10% HCI 
(if the product does not contain a basic functionality that would make the compound 
soluble in aqueous acidic solution), twice with saturated sodium bicarbonate 
5 solution, 1-2 times with brine, dried over anhydrous magnesium sulfate, and 
concentrated giving the crude product which was purified as specified. The 
cart^oxyiic acid component could be used as the dicyclohexylamine salt in coupling 
to the primary amine or hydrochloride of the latter, in which case no triethyiamine 
was employed. 

10 General Procedure C. (Cleavage of a t-BOOprotected amine using 

concentrated HCI). The t-Boc amine was dissolved in a minimum volume of ethanol ' 
and the resulting solution was cooled to about O^'C and concentrated HCI (typically . 
about 1 - 4 mL per mmol amine) was added and the reaction was wanned to room 
temperature and stirred for about 1 - 2.5 hours (the time required for complete 

15 disappearance of the starting material to a more polar product as judged by TLC). 
The resulting solution or suspension was concentrated, and the residue 
coevaporated several times with added ethanol to give the free amine which was 
used without further purification or purified as specified. 

General Procedure D. (Cleavage of a t-BOC*protected ambie using TFA). 

20 Trifluoroacetic add (usually at about 0-25''C) was added to the t*Boc amine 
(typically about 10 mL per mmol amine) neat or dissolved in a minimum volume of 
dichlorometiiane and the resulting solution was stirred at about 0 *C or at room 
temperature for 0.25*2 hours (the time required for complete disappearance of the 
starting material to a more polar product as judged by TLC). The resulting solution 

25 or suspension was concentrated, and ttie residue coevaporated several times witti 
added mettiylene chloride. The residue was then dissolved in ethyl acetate and 
washed twice witti 1N NaOH and once witti brine. The organic phase was then 
dried over Na2S04 and evaporated to give the firee amine v^iich was used wittiout 
further purification or purified as specified. 

30 General Procedure E (Cleavage of a benzyl-protected amine using 10% 

palladium on carbon). The berayl amine, ethanol (typically about 1 mL per every 
0.03-0.08 mmol of amine), and 10% palladium on carbon (tyi^cally about 20-100% 
of the weight of the amine used) were combined and hydrogenated at about 40-50 
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psi hydrogen on a Parr^ shaker overnight The mixture was then filtered through a 
bed of Celite''. The Celtte* was washed with ethanol. and the filtrate was 
concentrated in vacuo to give the de-benzylated amine which was used without 
further purification or purified as specified. 
5 General Procedure F. (Cleavage of a CBZ-protected amine using 10% 

palladium on cart)on} The CBZ amine, ethanol (typically about 1 mL per every 0.0^ 
0.08 mmd of amine), and 10% palladium on caibon (typically about 20-100% of the 
weight of the amine used) were combined and hydrogenated at about 40-50 psi 
hydrogen on a Pan^ shaker ovemight The mixture was then filtered through a bed 
10 of Celite*. The Celite^ was washed with ethanol, and the filtrate was concentrated 
IQ vacuo to give the de-benzylated amine which was used without further purification 
or purified as specified. 
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Example 1 

2-Amino>N-r2-(8afSVben2vl-3-^xo>tetrahvdrt>-oxazotor3.4'alPvrazm^^ 

dichloro-4>en2vloxvmethvlV2-oxo-^thvlV2-methvt-propionam hydrpchlorkle 

a 



5 A. 2>Ben2vl-plpera2ine-1.2.4-tricarboxvlic add 1>benzvl ester 4-tert»butvl ester 
2-methvl ester 

To a stirred solution of piperazine-1,2,4-tricartx>xyiic acid 1-benzyl ester 4-tert*bLityl 
ester 2-methyl ester (20.0 g. 53 mmol), prepared as descrit>ed by Bigge et ai. 
(Tetrahedron Let 1889, 30, 5193), in tetrahydrofuran (500 mL) was added N.N- 

10 dimethyHbrmamide (50 mL). The reaction was cooled to about -78 ''C, and a 1M 
solution of sodium bis(trOTiethylsilyl)amid6 in tetrahydrofuran (80 mL) was added. 
The reaction was stirred at about -78 X for about 1 hour, and then benzyl brontide 
(9.4 mU 79 mmol) was added. The reaction was stirred for about 30 minutes more 
at about *78 X, then warmed to room temperature and stimed overnight The 

15 reaction was quenched wtth saturated sodium btcartx>nate solution, and the mixture 
was extracted three times witii ethyl acetate. The combined organic layers were 
extracted tMcB with water, brkie, dried over anhydrous magnesium sulfate, filtered 
and concentrated in vacuo to give 31 g of crude product Purification by silica gel 
chromatography using 10-20% ethyl aoetate/hexanes as eluent afforded the titie 

20 compound of part 1-A (20.33 g, 82%): MPd MS (M -55)^ 413. (M -99)^ 369; 
NMR = 400 MHz (CDCb) & 7.37 (arom, m. 5H), 7.22 (arom. m. 3H). 7.00 (arom, m, 
2H), 1.41 (BOC. d. 9H). 
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B. 8a-Benzvl-3^xo-t trahvdrD-oxa20lor3.4*a1Pvra2ine-7-cartx)xvlic add tert- 
butyl ester 

To a stirred solution of the title compound of part 1-A (18.06 g, 38.5 mmol) in 
tetrahydrofuran (180 mL) cooled to about 0 X was added a 1M solution of lithium 
5 triethylborohydride in tetrahydrofuran (86.8 mL) over about 10 min. The reaction 
was allowed to warm to room temperature for about 1 hour, after which an 
additional 5 mL of the 1M solution of Bthium triethyiborohydride was added. The 
reaction was stirred for about 30 minutes at room temperature, then quenched with 
saturated sodium bicart>onate solution followed by the addition of 1N HQ solution. 

10 The mbcture was then extracted three times with ethyl acetate. The combined 
organic layers were extracted with brine, dried over sodium sulfate, filtered and 
concentrated in vacuo to give 20.4 g of a clear oil. Purification by silica gel 
chromatography using 5% methanol/ethyi acetate as eluent afforded 13 g of a solid. 
Trituration of the solid with ethyl ether afforded the title compound of part 1-B (9.50 

15 g. 74%): +APcl MS (M-65)* 277. (M-99)* 233; 'H NMR = 400 MHz (methanol-d4) 5: 
7.30-7.23 (arom, m. 5H), 4.11 (-COaCHr. d of d. 2H). 1.50 (BOC. s, 9H). 

C. 8a-Benzvt>hexahvdro-oxazolor3.4-aTovrazin-3-one. hydrochloride 

The title compound of part 1-B (9.5 g, 28.6 mmol) was deprotected according to the 
method described in General Procedure C to give the title compound of part 1-C 
20 (7.90 g, ca 100%): +APcl MS (M +1)* 233; NMR = 400 MHz (methanol^) 
5: 7.32-7.23 (arom. m, 5H), 4.22 (-C02Ch!r. d of d. 2H). 

D. 2-tert-ButDxvcarfaonvlamino-2-methvl-DrD Dionic add 2-S<iioxD>pvmQlidin-1>vl 
ester 

A stirrsd solution of N-hydroxysuccinimide (112 g. 0.973 mol). N-t-butoxycaritK)nyl-a- 
25 methylalanffie (197 g, 0.969 riK)!). and 1-(3Klim6thylaminopropyi)-3^thyl- 
carbodHrrade (186 g, 0.970 mol) in anhydrous dichloromethane (1.4 L) was stirred 
at room temperature for about 18 hours under nitrogen atmosphere. The reaction 
mixture was washed three times each with saturated sodium tMcarbonate solution 
and then brine. The organic layer was dried over sodium sulfate, filtered and 
30 concentrated in vacuo to give the title compound of part 1-D as a white solid (256 g. 
88%): PBMS (M+18)^ 318; 'H NMR = 250 MHz (C0(%) 6: 4.91 (NH. brs, 1H). 2.84 
(-COCCKWzCO-, s, 4H). 1.67 (Me. s, 6H). 1.48 (BOC, s, 9H). 
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E. 2-tert-Butoxvcaft>onvlaminc>-3-f3.5-dtchlcfo>benzvloxvVDroDioni^ add 

To a stirred solution of N-t-butoxycarbonyt*[>serine (10.0 g, 48.7 mol) in N.N* 
dimethytfomnamide (150 mL) at about 0 ''C was added sodium hydride (4.0 g, 60% 
dispersion in mineral oil, 99.64 mmoQ portionwise. The mixture was stirred for about 
5 30 minutes, and then a solution of 1,3-dichloro-5-chloromethykbenzene (9.5 mL, 
48.7 mmol) in ethyl ether (40 mL) was added. The reaction was allowed to slowly 
wami to room temperature overnight The reaction was then quenched with IN 
NaOH. the mixture extracted three times witti dichloromethane. The combined 
organic layers were then washed three times with water, IN HCI. dried over 

10 anhydrous magnesium sulfate, filtered and concentrated jn vacuo to give crude 
product The original basic aqueous layer was then acidified to about pH 4 with 1N 
HCI, and the mixture was extracted tiiree times with dichlonomethane. These three 
organic layers were combined and washed three times each with water and brine 
then dried over anhydrous magnesium sulfate, filtered and concentrated in vacuo to 

15 give an additional 620 mg of crude product Botti product fractions were combined 
and purified by silica gel chromatography using 5% methanol/chiorofbrm as eluent 
and yielded the titie compound of part 1-E (12.39 g, 70%): -APcl MS (M -1)' 363, 
(M-3r 361; NMR = 400 MHz (CDCb) 5: 7.13 (arom. s, 3H). 5.42 (NH, d, 1H), 
4.50 (CHCO2H, m. 1H), 4.45 (PhCiizO. s, 2H). 3.82 (CHiOBz, d of d. 2H), 1.43 

20 (BOC, s. 9H). 

F. 2-Amino-3-f3.5-dichlorc>^)en2vfoxvV-DroDionic add, hydrochloride 

The titie compound of part VE (12.39 g, 34.02 mmol) was deprotected according to 
the method described in General Procedure C to give the titie compound of part 1-F 
(9.52 9. 93%): -APcl MS (M-1)' 263; ^H NMR = 400 MHz (methanoWO & 7.35 
25 (arom. m, 3H). 4.59 (PhCifcO. s. 2H), 4.17 (CHCO2H, m, 1H), 3.93 (CUaOBz, m, 
2H). 

G. 2-(2>teft-ButoxvcarfaonvlamHTC>>2-methvh)rQDionvlaminoV^^ 
benzYloxy)-proptonic add 

A stinned solution of ttie titie compound of part 1-F (9.52 g. 31.67 mmoO, tfie 
30 titie compound of part 1-D (9.5 g. 31.67 mmol). and triethyiamine (13.24 mL, 95.01 
mmoO in dioxane/Water (100 mL/25 mL) was heated to about 50 ""C for about 3 
days. The reaction irtixture was then concentrated in vacuo, dituted wHh IN HCI, 
and ttien extracted three times with aqueous 10% HCI until the mbcture was at pH 2. 
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The organic layer was washed with ethyl acetat . The combined rganic layers 
were washed with brine, dried over anhydrous magnesium sulfate, filtered and 
concentrated in vacuo to give the titie compound of part 1-G: -APcl MS (M -1)* 448, 
(M-2)- 447; NMR = 400 MHz (CDCIj) 6: 7.15 (arom, m, 3H). 5.12 (NH. br s, 1H). 
5 4.64 (CHCOjH. m. 1 H). 4.45 (PhCHjO, s. 2H). 3.70 (CHaOBz. d of d, 2H). 1 .49 (Me. 
s. 3H), 1.48 (Me, S. 3H). 1.38 (BOC. s. 9H). 

H. f1-f2-^8afSVBen2vl-3-oxo-tetrahvdK>cxa2olor3.4-alDvra2in-7-vl)-1fR>-(3.5- 
diciilorD>benzvloKvtnethvfV-2^)xO'ethvlcart)anwvn-1-fnethvl^thvlV<art)amic acid tert- 
butvi ester 

10 According to General Procedure A. the titie compound of part 1-C (0.15 g. 0.56 
mmot) was coupled to the title compound of part 1-G (0.25 g, 0.56 mmol), and the 
product was purified by silica gel chromatography using ethanol/ethyl 
acetate/hexanes (1 :50:40) as elu^ to give the less polar isomer the title compound 
ofpart1-H(153mg.41%): +APdMS (M)* 663. (M +2)* 665. (M -98)* 565. (M -100)* 

15 563; NMR = 400 MHz (CDCb) «: 7.23-7.10 (arom. m. 8H). 4.41 (PhCbaO. AS. 
2H), 1.42 (Me. s. 3H). 1.38 (Me. s. 3H). 1.29 (BOC. s, 9H). 

I. 2-Amlno-N-f2-f8arSV^)erTZv>-3-oxD-tBtrahvdr[>-oxazolo f3.4-alDvra2in-7-^ 
l(RW3 5-dichlort>ben2vlQxvmethvlV 2-oxo-ethvn.2-mathvl^ 
hydrochloride 

20 The title compound of part 1-H (1 53 mg. 0.230 mrrwl) was deprotected according to 
the method described in General Procedure C to give the title compound of this 
Example 1 (128 mg. 93%): +APcl MS (M)* 563. (M+2)* 565; 'H NMR = 400 MHz 
(methanoM*) & 7.30-7.24 (atom. m. 8H). 4.54 (PhCtfaO. s. 2H). 1.58 (Me. s. 3H). 
1.57(Me.s.3H). 
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ExampI 2 

2-Aminc>'N'r2-f8afSVben2vl-2-methv('3^xo-hexahvdrO'imida20f1.^^^ 
1 f RVbenzvloxvmethvl"2-oxo-ethvll>2-rnethvl-pfDDionamide. hydrochloride 



as a white foam (189 9.95%): MPdMS (M^ir335, (M-55)'279.(M-99r235: 
NMR = 400 MHz (CDCU S: 7.28-7.18 (arom. m, 5H). 3.68 (Me. s. 3H). 1.40 
10 (BOC. s. 9H). 

B. 3.4^Dibenzvi-DiDcrazine-1.3^icartx)x^^ add 14ert-butvl ester S^nethvl ester 
To a solution of the title compound of part 2-A (1.22 g, 3.65 mmol) and 
dilsopropylamine (0.63 mL, 3.65 mmol) in acetonitnle (18 mL) was added benzyl 
bromide (0.45 mL, 3.83 mmol), and the reaction was stined at room temperature 

15 overnight The reaction was then heated to reflux for about 5 hours. The solvent 
was then removed jn vacuo, and ether was added to the residue. The solid 
predpHate was removed by filtration, and the filtrate was concentrated m vacuo to 
give the title compound of part 2-B as a colorless oil (0.87 g, 56%): NMR - 400 
MHz (CDCW 6: 7.32-7.13 (arom, m, 10H). 3.85 (Me, s, 3H). 1.37 (BOC. s. 9H). 

20 C. 3.4-Dibenzvt"3-hvdroxvmethvt-^>iperazine-1-cartx)xvlic add tert-butvl ester 
To a sdution of the title compound of part 2-B (0.87 g. 2.05 mmol) in 
tetrahydrofuran (10 mL) was added a 1M solution of littiium trietiiylborohydride in 
tetrahydrofuran (4.1 mL), with Immediate effervescence obsenred. The reaction 
was stirred for about 30 minutes, after which an additional 0.5 mL of the 1M solution 

25 of littiium triethylborohydride was added. The reaction was then quenched witii a 
1 N HCI solution (0.5 mL). The mixture was stirred for about 5 minutes, ttien basrfied 
witti IN NaOH. Th mbdure was extracted three times witt) ettiyi acetate. The 




5 



A. 3-Benzvl-piDerazine-1.3<licarfaoxviic add 1-tert-butvl ester 34nett)v» ester 
The tiUe compound of part 1-A (2.80 g, 5.98 mmol) was deprotected according to 
the method described in General Procedure F to give ttie titte compound of part 2-A 
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combtned organic layers were xtracted with brine, dried over sodium sulfate, 
filtered and concentrated in vacuo to give the title compound of part 2-C as a dear 
oil (0.80 g. 99%): +APd MS (M +1)* 397. (M-55)* 341. (M - 99)* 297; NMR - 300 
MHz (CEXDIa) 5: 7.31-7.25 (arom. m. 10H). 1.50 (BOC. s. 9H). 
5 D. 3.4-Dibenzvl-3-fbrmvl-piperazin6-1-cart)0xvlic add tert-butvl ester 

To a stirred solution of DMSO (0.312 mL, 4.44 mmol) in dichloromethane (10 mL) 
cooled to about -78 'C was slowly added oxalyl chloride (0.193 mL, 2.22 mmol). 
followed by a solution of the title compound of part 2-C (0.80 g. 2.0 mmol) in 
dichloromethane (3 mL). The reaction was then allowed to warm to about -30 "C 

10 and was stirred for about 30 minutes. The reaction was re-coded to about -78 *C, 
and triethylamine (1.40 mL, 10.1 mmol) was slowly added. The reaction was stirred 
for about 5 minutes at about -78 "C. then was allowed to warm to room temperature. 
The reaction was quenched with water and the mixture was extracted several times 
with dichloromethane. The combhed organic layers were washed with brine, dried 

15 over sodium sulfete, filtered and concentrated iQ vacuo to give the title compound of 
part 2-D as a dear oil (777 mg. 97%): +APd MS (M)* 394, (M-SC)* 338, (M-100)* 
294: 'H NMR « 300 MHz (CDCy 8: 9.72 (aldehyde, s, 1H), 7.30-7.22 (arom, m. 
10H), 1.40(BCX).s,9H). 

E. 3.4-t3ibenzvl-3-methvlaminomethvl-oipeiazlne-1-cartX)xvllc add tert-butvl 
20 ester 

To a stirred solution of the title compound of part 2-D (0.34 g, 0.86 mmoQ in 
methanol (4 mL) cooled to about 0 *C was slowly added methyiamine hydrochloride 
(0.29 g. 4.3 mmoO, followed by sodium acetate (0.707 g, 8.63 mmoQ. 3 A molecular 
sieves (0.34 g), and sodium cyanoborohydride (0.064 g. 1.03 mmol). The reaction 

25 was allowed to warm to room tempeiature and was stirred overnight The mixture 
was then filtered through a bed of CeMe*. The Ceiite* was washed with methanol, 
and the fittrale was conoenlrBted iQ jigsufi- 'Hie residue was diluted with ethyl 
acetate, and the mixture was extracted twice with IN NaOH. brine, dried over 
sodium sulfate, filtered and concentrated iQ vacuo to give 340 mg of a dear oil. 

30 Purification by silica gel chromatography using 4% methanol/dlchloromethane as 
eluent afforded the titie compound of part 2-E as a dear oil (214 mg. 61%): +APct 
MS (M +1)* 410. (M -55)* 354. (M -99)* 310; NMR = 400 MHz (CDCI3) 6: 7.32- 
7.24 (arom. m. 10H), 2.30 (NMe. s. 3H). 1.50 (BOC. s. 9H). 
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F. 3-Ben2vt-3-methvlaminomethvt-pipera2ine-1-caftx)xvlic add t rt-butvl ster 
The title compound of part 2-E (0.21 g, 0.51 mmol). methanol (15 mL), and 
palladium hydroxide on carbon (0.187 g) were combined and hydrogenated at 45 
psi H2 on a Parr^ shaker for approximately 2 days. The mixture was then filtered 

5 through a bed of Celite®. The Celite® was washed with ethanol, and the filtrate 
was concentrated in vacuo to give 180 g of a dear oil. Purification by silica gel 
chromatography using ammonium hydroxide/methanol/chlorofonm (0^5:5:95) as 
eluent yielded the title compound of part 2-F as a dear oil (1Q2 mg, 65%): -fAPcl 
MS (M +1)* 320. (M -SSf 264, (M -99)* 220; NMR - 400 MHz (CDCI3) 5: 7^4- 
10 7.17 (arom, m. 5H). 2.42 (NMe. s. 3H). 1.40 (BCX). s. 9H). 

G. 8a-Bergvl>2-rTiethvl-3-<>xo-hexahvdro-imidazof1.S>alPvra2i 
ftq<< t^rt-butyi ester 

A stirred solution of the title compound of part 2-F (100 mg, 0.31 mmoQ and 1,1 - 
cart)onyidimidazole (54 mg, 0.34 mmol) In tetrahydrofuran (3 mL) was heated to 

15 reflux for about 2.5 hours, and then allowed to sit at room temperature overnight 
The reaction was quenched with saturated sodium bicartxinate sdufion, and 
extracted three times with ethyl acetate. The combined organic teyers were 
extracted with brine, <Med over sodium sultete, filtered and concentrated jq vacuo 
to give 142 mg of crude product Purification by silica gel chromatography using 

20 67% ethyl acetate/hexanes as eluent yielded the title compound of part 2-G as a 
white solid (93 mg, 87%): MPd MS QA-SSf 290, (M-g9)^ 246; NMR - 400 MHz 
(CDCb) 5: 7.29-7.21 (arom, m. 5H). 2.68 (NMe, s, 3H). 1.48 (BCX:, s, 9H). 

H. 8a-Beri2yt-2-fflethvl4iexahvdro-imidazof1.5-alDvrazin-3-<x^ hvdrochloride 
The title compound of part 2-G (89 mg, 0.258 mmol) was deprotected according to 

25 the method described in General Procedure C to give the title compound of part 2-H 
(77 mg. 77%): MPd MS (M 246; NMR = 400 MHz (CDCb) 5: 7.28 (arom, 
m. 5H). 4.40-2.82 (series of m, 10H), 2.70 (NMe. s, 3H). 
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I. 3-Benzvloxv-2-f2-tert-butQxvcartx)nvlamino-2-methvl-prDPionvtaminoV 
propionic acid 

To a solution of D-O-benzylserine (106 g. 0.532 mol) and the title compound of part 
1-D (160 g, 0.532 moQ in water/dioxane (250/1000 mL) was slowly added 
5 triethyiamine (223 mL, 1.60 mol) at room temperature. The reaction was heated to 
about 50 ""C and stimed for about 15 hours under nitrogen atmosphere. The solvent 
was then removed in vacuo, ethyl acetate was added, and the stirred mixture was 
acidified with 10% aqueous HCI solution to pH 2-3. The organic layer was dried 
over sodium sulfate, filtered and concentrated |n vacuo to give the title compound of 

10 part 2-1 (200 g, 99%): -APd MS (M-1)' 379; 'H NMR = 300 MHz (methanol-d4) 6: 
7.69 (NH. d. 1H). 7.32 (Ph, m, 5H). 4.60 (CHCO2H, m, 1H). 4.51 (CHaPh, s. 2H), ' 
3.81 (CtizOBz. m, 2H), 1.41 (Me, s, 6H), 1.40 (BOC, s, 9H). 
J. n-r2'f8afS)'Benzvl-2-methvl-3-oxo-hexahvdro-imida2ori .5-a1pvra2in-7- vft- 
1fm4>enzvloxvmethv^2^xo-elhvlcarbamovn-l4nethvl-ethv^^ add tert-butvl 

15 ester 

According to General Procedure A, the title compound of part 2-H (39 mg, 0.14 
mmoQ was coupled to D-0-benzyiserine-N-t-butoxycartx>nyl-a-methylalanine (53 
mg, 0.14 mmol). and the product was purified by silica gel chromatography using 
ethyl acetate as eluent to give the title compound of part 2-J C23 mg, 27%): +APd 
20 IMS (M 608, (M-99)^ 508; NMR = 400 MHz (COaa) 6: 7.28-7.12 (arom, m, 
10H). 5.28 (PhCHzO, s, 2H). 2.65 (NIMe, s, 3H), 1.44 (Me. S. 3H), 1.42 (Me. s. 3H), 
1.32 (BOC. S, 9H). 

K 2-Amlno-f^-f8afSM>enzvl-2-methvl-3-oxo-hexahvdrD-im'ri^ 
a]pyrazin-7-Yl)>1(R)-ben2yloxYrnethvl-2-oxo-ethYtl-2-me^ 
25 hydrochloride 

The title compound of part 2-J ^3 mg. 0.038 mmoO was deprotected according to 
the method described in General Procedure C to give the title compound of this 
Example 2 as a dear glass (206 mg. 92%): MPci MS {M*^T 508; ^H-NMR = 400 
MHz (niethanokl4) 5: 7.23 (arom. m. 10H), 4.52 (PhCtbO. s. 2H). 2.58 (NMe, s. 
30 3H),1.57(Me,s,6H). 
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Example 3 

2-Aminc>-N41 (R>-benzvloxYmethvl-2>f 1 .3-dioxo-8a(SVPvridirv2-v>methvl>2-(2.2.2> 

trifluoro-ethvlVhexahvdfX>Hmklazori5»alPvra2irv7-vn-2^^ 

proptonamide. hydrochloride 




A. 2-Pvridirv-2-vlmethvl-pipefazine-1.2.4>tricartx)xvlk^ add j^benzvl ester 4-tert- 
butyl ester 2«niethvl ester 

A stirred solution of pip6raztne-1,2,4-tricarbQxylic add 1-benzyl ester 4-tert-butyl 
ester 2-methyl ester (200 g. 529 mol). prepared as described by Bigge et al. 

10 (Tetrahedron Let 1989, 30. 5193). In tetrahydrofuran (200 mL) and DMF (1.5 L) 
was cooled to akMut -78 *C, and a 0.5 M solution of potassium 
bis(trirT)ethyistlyl)amlde in THF (1.27 L) was added. After the above solution had 
stirred for about one hour, the free base of 2*picoiyl chloride was generated by 
extracting the corresponding hydrochloride salt (217 g, 1.32 mol) from saturated 

15 sodium t>icart>onate solution with methylene chloride. The comt>ined organic 
extracts were dried (MgS04). concentrated, Immediately dissolyed in DMF (100 mL), 
and then added dropwise to the enoiate containing solution. The reaction was 
stirred for about 4 hours at at>out *78 X, then slowly warmed to room temperature 
and stirred overnight The toluene and THF were removed under reduced pressure. 

20 The residue was extracted from water (1.5 L) yvith ethyl acetate (3X1 L), the 
combined extracts were then washed with water (1.5 L), dried (MgS04) and then 
concentrated in yacuo to give 240 g of crude product of the title compound of part 3- 
A which was canied on to the next step: MPd MS (M+H)^ 470, (M- Bu+H) 436; 
NMR = 400 MHz (methanol^) 

25 6: 8.4 (arom. m, 1H). 7.65-7.2 (arom. m, 7H), 6.94 (arom. m. 1H). 5.18 (CbzNCHH, 
m, 1H). 5.05 (CbzNCHH. m, 1H). 2.54 (m. 1H). 1.41 (Boc, s, 9H). 
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B. 3-Pvr1din-2-v(methvl-Dipera2ine-1.3-dicartx)xvlic add l-tert-butvl ester 3- 
methvl ester 

The crude Cbz amine, the title compound of part 3-A, (240 g) in methanol (1 L). and 
10% palladium on cart>on (10 g. added in 100 mL water) were combined and 
5 hydrogenated at atxiut 40-50 psi hydrogen on a Pan' shaker for about 2 days. The 
mixture was then fiitersd through a bed of diatomaceous earth. The diatomaceMis 
earth was washed with ethanol, and the filtrate was concentrated in vacuo to give 
the de-t>enzylated amine. Two of the above alkytation/reductions were combined 
and purified by silica gel chromatography using 1:1 ethyl acetate/hexanes to ethyl 
10 acetate to 1:9 methanol/ethyi acetate as eiuent and yieMed the title compound of 
part 3-B (217 g. 61%): +APcl (IMI+I)* 336; 'H NIWR = 400 MHz (methanokl,) 6: 8.45 
(arom, d. 1H). 7.72 (arom, t. 1H). 7.26-7.11 (arom, m. 2H), 4.38 (br s, 1H), 3.57 
(MeO, s, 3H). 1 .41 (Boc, s. 9H). 

C. 1 ■3-DiQxo.8a-pwidin.2.vlmethvl-2W2^.2.tfifluoro-ethvlVhexahvd^ 
15 imidazori.5-alDvra2lnfl-7-carboxvBe add teiMHitwi ester 

To a suspenston of N.hT-cafbonyldiimklazole (69 g. 426 mmol) and 2,2>trifiuoro- 
ethylamine hydrochloride (71 g. S27 mmoO in dichloromethane (SCO mL) was added 
triethyiamine (76 mL, 544 mmol) at abcuA 0 *C dropwise. The rsacGon was then 
wamned to room temperature and stirred at room terr^rature for about 30 minutes. 

20 A solutmn of the title compound of part 3-B (57 g, 170 mmol) in dichloromethane 
(100 mL) was then added, and the reaction was heated to about 40 'C and then 
stined for approximately 2 days. The reaction was quenched with saturated sodium 
bicartsonate soiutton, and the mixture was then extracted tMce with 
dichloromethane. The combined organic layers were extFaded tiwice with water, 

25 dried over anhydrous magnesium sulfate. fjHered and concentrated in vacuo to give 
crude product Purification by sntea gel chtomatogFaphy using 1:9 to 1:2 to 1:1 ethyl 
acetate/hexanes as eiuent afforded the title compound of part 3-C (68.3 g. 94%) as 
an amorphous solid: MPd MS (fA*H)* 429; NMR » 400 MHz (CDaj) 6: 8.4 
(arom. d. 1H). 7.54 (arom. t. 1H). 7.12 (arom. 1 1H). 7.04 (arom, d, 1H). 4.16^.00 

30 (CFiCtb. m, 2H). 3.41 (PyrCHa, Ab,. 2H). 1.50 (Boc, s. 9H). 
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D. 8a-Pvridin-2-vtmethvi-2-^2.2. 2-trifluorD-ethvn-tetrahvdfQ^midaMflS. 
alpvrazine-l .S-dione 

The title compound of part 3-C (22.8 g, 53.2 mmol) was deprotected according to 
the method descrit)ed in Genera! Procedure C to give a pink solid. The residue was 
5 extracted from saturated aqueous NaHCOs with methylene chloride, the combined 
organic layers were washed with brine, dried (MgS04) and concentrated to give the 
title compound of part 3-D as a light yellow solid (13.7 g, 78%): MPcl MS (M+H)* 
329; NMR = 400 MHz (CDCI,) 5: 8.42 (arom. ddd. 1H), 7.56 (arom. td, 1H). 7.37- 
7.07 (arom. m, 2H); 4.15-3.98 (CF3CH2. m. 2H), 3.87 (NCHHCH2. m. 1H), 3.79 
10 (CCHHNH. d. 1H). 3.40 (CCHHNH, d. 1H), 3.25 (PyrCHH. d. 1H), 3.13 (NCHHCHj. 
ddd. 1H). 3.02 (NCHaCJdHNH. dd, 1H). 2.74 (PyrCJHH. d. 1H), 2.66 (NCHjCHHNH. ;. 
td. 1H). 

E n-11 fRVBen2vloxvmethvl-2-f 1 .3-diQxo-8a-ovridln-2-vlm^hv^2-f2.2 2- 
trifluoro-ethvn-hexahvdro-i mlda2ori.S-alpvrazin-7-vn-2-oxo-ethvtcarijamovl^ 

15 methvl-ethvlV-carbamic add tert-butvt ester 

According to General Procedure B, 3-D (5.6 g, 15.4 mmoi) was coupled to the tide 
compound of part 2-1 (5.84 g, 15.4 mmoQ. and the product was purified silica gel 
chromatography using 2:1 ethyl acetateAiexanes as eluent to give the title 
compound of part 3-E (34513-284-1) as a colorless sofid (7.3 g. 69%): MPd MS 

20 (M+H)* 691; 'H NMR « 400 MHz (CDCI3) 6: 8.35 (arom. m. 1H). 5.23-5.10 (m. 2H), 
2.60 (t. 1H). 

^- 2«Amino-N.f lfRVbenzvloxvmethvt.241 .3^im< o^fSVovridin-2-vimethvi-2- 
f2.2.2-tiifluoro-ethwlV4TexahvdfD-i mlda20f1.S-alPvfa2Jn-7-vlV2-oxD-ethv^ 
PfODionamide. hydroehioride 

25 The titie compound of part 3-E (410 mg, 0.59 mmol) was deproteded according to 
the method described in General Procedure C to ^ a ootortess solid (6.23 g, 
94%). 

HPLC separation of the isomers provided the shorter retained isomer (2.65 
g. 85%): A 70 X 500 mm Inertsil 15 micron C-8 column (Phenomenex inc. 2320 W. 
30 205th St, Tonance. Ca 90501) was equHibFated with 100% 0.050M KHaP04 
a(ljusted to pH 2.20 with H3P04. The sample was dissolved in 20 ml moMie phase 
along with a few drops of H3PO4 and was injected onto the cdurm. The column was 
eluted at 237.5 mi/min.. 100% buffer for 1 min., ramped to 75% buffer 25% CH^ 
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In 12.5 min., and then h Id for 21.5 min. (total run time 35 min.). The column was 

then rinsed off with 50% water 50% CHaCN. The product was obsen^ed at 254 nm. 

and was found in fractions 7-11 (24-29 min.). These fractions were combined. 

adjusted to a pH of about 7.5 with NaHCCb and then extracted with CHCb (2 x 10OO 
5 ml). The organics were combined, dried (Na2S04) and concentrated to a colorless 

foam (86.5% diastereomer excess). 

HPLC analysis was performed on an Hewlett-Packard 1050 system with a 

1050 DAD. autosampler and solvent delivery system (Hewlett-Packard CJompany. 

Analyticai Business (Center. 2850 CenterviOe Road, Wilmington, DE 19808-1610). 
10 Data was imported into a HP Vectra XM series 3 mnning HP Chemstation ver 

A.4.02. A 10 fiL sample dissolved in the mobile phase at 1 mg/ml was injected for 

analysis. A Prodigy 3.2 X 250 mm 5 mk:ron C-8 column (Phenomenex Inc, 2320 W. 

205th St, Torrance. Ca 90501) was employed with the following solvents: A = 

0.060 M KH2PO4 adjusted to pH 2.20 with H3PO4: C = acetonitrile. An isocratic 
15 eluHon was emptoyed using 65% A and 35% C with a flow rate of 0.5 ml/min. 

detecting at uv, 254nm. The desired enantiomer eluted at 5.7 min., while the less 

desired enantiomer eluted at 6.3 min. 

The desired enantiomer was taken up in ethaioi (150 mL). stowly treated 

wHh concentrated aqueous HCI (75 mL) at about 0 'C. and the solvent then 
20 remoived under reduced pressure. The residue was then concentrated from ethanol 

(4)0 to remove reskJual water. The product was triturated with ethyl ether to give the 

titie compound of this Example 3 (2.72 g. 97%): -t-APd MS (M-t-H)^ 591; ^H NMR ~ 

400 MHz (methanokU) 5: 8.83^.90 (NH and arom. series of m. 10H), 5.18-2.90 

(aliphalic. series of m. 1SH). 1.59 (Me. s. 6H): NMR = 100 MHz (methanokU) 5 
25 :172.4. 148.1. 143.4. 130.3. 129.5. 129.0. 127.7. 74.4. 69.7. 64.6. 58.2. 52.3. 47.9. 

46.9. 40.8, 40.5, 39.2. 36.0, 24.2, 24.1. 
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Example 3a 

2-Amincy-N-l1 f RVbenzvloxvmethvl-2-f 1 .3-dioxo-ea(SVpvridirh2-vlmethvl-2-(2.2.2- 
trifluoro-ethvO-hexahvdrx>-tfnida2or 1 .5-alpvraztn-7-vll-2-oxo-ethvl>-2-methvt- 
pfDPtonamtde. hvdrochtoride 

5 




A. 1.3-Dk)XD-^afS>-Pvridiiv2-vtmethvl-2-(2.2.2-trifluorD-^ 
tfnidazof1.5-alPvraz!ne-7-cartx)xvlic add tert-butvl ester 

To a solution of the tWe compound of part 3-0 (206 g, 628 mmol) in 10:1 

10 acetoneArater (4.5 L) was added 0-titftanc add (94.2 g. 628 mmol). After several 
minutes a ooiortess predpitate fomfied. After stirring for about 2 days the soBd was 
collected by filtration (144 g, 80% ee). The predpitate was then placed in acetone (2 
L) and was heated for at>out 15 hours at about 55 ''C. The mbdure was cooled and 
the solid collected by filtration (117 g. 94% ee). The tartrate salt was then extracted 

IS from aqueous sodium bicartonate with 3:1 chlonofbrm/isopnopanol to give the free 
base 3a-A (81.7 g. 78% ee) as an off-white solid. HPLC analysis of the title 
compound of part 3a-A indicated that the material had an enantiomeric excess of 
96%: +APd MS (M+H)^ 329. 

HPLC analysis was performed on an Hewlett-Packard 1050 system with a 

20 1050 DAD, autosampler and solvent delivery system. Data was imported into a HP 
Vectra XM series 3 mnning HP Chemstation ver A.4.02. When possible, samples 
were dissolved in the mobile phase at 1 mg/ml. A Chiracel AD 4.6 X 250 mm column 
(Chinal Technologies, 730 Springfield Drive. P.O. Box 564, Exton Pa. 19341) was 
mployed with ttie following solvents: A « hexane 0.1% diethylamine (vAr); C » 

25 isopropanoi * 0.1% diethylamine (v/v). An isocrafic lution was mployed using 
85% A and 15% C with a flow rate of 1 mlAnin, detecting at uv, 254nm. The desired 
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enanti m r eluted at 11.8 min., whil the less desired enantiomer eluted at 15.6 
min. 

B. (141 (RVBenzvloxvmethvl-2-f1 ,3-dioxo-8afSVPVridirv2-vlmethvl-2-f2.2,2- 
trifluorD-ethYlVhexahvdrD-imidazori.5-a]pvrazirh7«v[K2-oxo^ 

5 methvt-ethvlVcarfeamic add tert-butvl ester 

To a solution of the title compound of part 3a-A at about 0 (10.0 g. 30.5 mmoi) 
and the title compound of part 2-1 (13.9 g, 36.6 mmol) in ethyl acetate (200 mL) was 
added triethylamine (17 mL. 122 mmol). foflowed by slow addition of a 50% solution 
of 1-pfx>panephosphonic add cydic anhydride in ethyl acetate (IS.TmL, 30.5 mnriol) 

10 and the reaction was allowed to warm to room temperature. After about 15 hours, 
the reaction was extracted from saturated aqueous sodium bicarbonate with ethyl 
acetate, the combined organics were washed with water and then brine, dried 
(MgS04), concentrated In vacuo, and the product then purified by silica gel 
chromatography using 0% to 1% to 5% methanol in chloroform as eluent to give the 

15 title compound of part 3a-B (19.5 g. 92%) as a colorless foam. 

C. 2>Amino-l^1f R)-benzvloxvmethvl-2>ri.3-dioxo^fSVpvridin-2-vlmeth 
f2.2,2>trifluorc>-ethvlV^exahvdro-imldazof1.S-^tovrazin-7-^ 
propionamide. hvdrochloride 

The title compound of part 3-E (17.5 g. 25.3 mmol) was deprotected according to 
20 the method described in General Procedure C to give a colortess solid. The product 
was triturated with ethyl ether to give the title compound of this Example 3a (13.6 g. 
90%): +APdMS (M+H)*591. 



2>Amino-N-r2-f8a(SVben2vl-2'methvl-1 .3<lioxo-hexahvdrchimida20f 1 .5-alPvrazin>7- 
25 vl)-1 (R>^)enzvtoxvmethvl>2>oxD-^thvn-2Hfnethvt^w 



Example 4 
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A. 8a-B n2vl-2-methvH .3<lioxo-hexahvdroHmidazof IS-alPvrazine-y-carfaoxvlic 
acid tert-butvl ester 

To a solution of the title compound of part 2-A (676 mg, 2.02 mmol) in acetone (3 
mL) was added methyl isocyanate (0.300 mU 5 09 mmol). The reaction was heated 
5 to a gentle reflux and stirred overnight under nitrogen atmosphere. The reaction 
was querx:hed with mettianol (1 mL), and the mixture was concentrated m vacuo . 
Purification by silica gel chromatography using 50% ethyl acetate/hexanes as eluent 
afforded 607 mg of crude product, which was recrystaltized in ettianol (0.5 mL) to 
give the tifle compound of part 4-A: +APcl MS (M-H)* 360; NMR = 300 MHz 
10 (CDCb) 5: 7.20 (arom.. m, 3H), 7.04 (arom.. m, 2H), 1.52 (BCX). s. 9H). 

B. 8a-Ben2vt>2-n)ethvl-tetrahvdro-lmida2ori .5-aTpvrazine-l .3-clione 

The titie compound of part 4-A (150 mg, 0.416 mmol) was deprotected according to 
the method described in General Procedure C to give the tifle compound of part 4- 
B (1 13 mg. 92%), MS (APCI) 260.2. 
15 C. n42-^8afS>-Ben2vl-2-methvH .3-dioxo-hexahvdroHmidazori ■5"aTDvraan-7> 
vlV1fR)-benzvloxvnf>ethvl>2^xo-ethvlcarbamovn-1>methvt^flivlWcarte add tert> 

According to General Procedure A, the titie compound of part 4-B (101 mg. 0.342 
mmol) was coupled to tiie titie compound of part 2-1 (130 mg. 0.342 mmol), and tiie 
20 product was purified by silica gel chromatography using methylene chloride witti a 0- 
10% mettianol gradient as eluent to give the titie compound of part 4-C (88 mg, 41 
%). MS (PB) 622. 

D. 2-Amino-N-r2-^8afSVben2vl>2>metiivH ,3-dioxo-hexahvdro-imldazof 1 
a1pvrazin>7*vl>-1 fRV^nzvloxvmettivl-2-oxo-ettivn-2>mettivl*DrPDionamide 
25 The titie compound of part 4-C (82 mg. 0.132 mmol) was deprotected according to 
ttie method described in General Procedure C, and the product was triturated wHh 
ettiyi ettier to give ttie titie compound of this Example 4 (61 mg. 89%). +aPcI MS 
(M+1)* 522.3. 
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Examples 

2^mino-l^1-benzvloxvmalhvt.2.Q-mflthvU 1.3^te»>.hexahvdr^^ 
alpvrazln-7-vH-2.oxo^thvn. 2wnelhvl.orepionamide. hvdfDchlorida 



A. Pioerazine-I .S-dicaffaox ytic add 1-tert-butvl ester 3-methvl est^ 
According to General Procedure F. piperazine-1^.4-tricarboxylic add 1-benzyi ester 
4-tert-butyl ester 2-methyt ester (3.0 g, 7.9 mmoO was deprotected to give ttie title 
compound of part 5-A (1.8 g. 94%): +APcl MS (M+H)* 245; NMR = 400 MHz 
(CDCb) 6: 3.73 (Me. s. 3H). 3.43 (dd. 1H). 2.73 (t. 1H). 1.45 {BOC. s, 9H). 

2-Mettivt-tetrahyrifn-iinM«>nr j .S-alovra zine-l .3-dione. trifluorpacetir. ariri 



To a pre-dried flask was added the title compound of part 5-A (1.0 g, 4.1 mmoO. 
triethylamlne (3.99 mL, 28.7 mmoQ and anhydrous dichloromethane (30 mL). The 
mixture was cooled to about 0 "C. and then a 1.93 M solution of phosgene in 

15 toluene (3.18 mL. 6.10 mmoQ was added, and the reaction was stirred at about 0 "C 
for about 30 minutes. A 2 M solution of methylamine in metharral (3.07 mL, 6.10 
mmoO was added, and the reaction was sb'ned for about 30 minutes at about 0 'C. 
and then allowed to warni to room temperature and stirred overnight The reaction 
was quenched with saturated sodium bicarbonate solution, and the mixture was 

20 then extracted three times with dichloromethane. The combined organic layers 
were washed wHh brine, dried over anhydrous magnesium sulfate, filtered and 
concentrated jn mSiQ to give 0.85 g of t-BOC-protected amine product The above 
t-BOOprotected amine product was deprotected according to the method described 
in General Procedure D to give the title compound of part 5-B as the trifluoroacetic 

25 add salt MPd MS (M+H)* 170; 'H NMR « 400 MHz (CDOj) 6: 4.45 (dd. 1 H). 4.36 
(dd,1H).3.07(Me,8,3H). 




salt 
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C. /1-rifRVBen 2vloxvmethvl-2-(2-methvi-1 .3-dioxo-hexahvdro-imida2ori :S- 
alpvrazirH7-viV2 -ox(>^thv1cart)amovn-1-fnethvl^thvn-cart)amic add tert-buM ester 
According to General Procedure B, the title compound of part 6-B (50 mg, 0.18 
mmol) was coupled to the title compound of part 2-1 (60 mg, 0.16 mmd), and the 

5 product was purified by silica gel chromatography using chloroform to 3% methanol/ 
chtoroform as eluent to give the title compound of part 5-C (46 mg. 42%) as a 
colorless foam: +APcI MS (M+H)* 532; 'H NMR = 400 MHz (CDCb) 5: 7.37-7.20 
(arom. m. 5H). 7.02 (CHNH. d. 1H), 3.00 (Me. s. 1H). 2.96 (Me. s. 2H). 

D. 2-Amino-N-ri fRVbenzvloxvmethvl-2-f2-methvl-1.3-dioxo-hexahvdfD- 
10 Imldazofl ■5- alPvrazin-7-vlV-2-oxo-ethvn-2-rTwthvl-Dropionamide hvdrpchlofide 

The title compound of part 5-C (46 mg. 0.090 mmol) was deprotected accoitling to 
tiie method described In General Procedure C. and the product was triturated with 
ethyl ether to give the tiUe compound of this Example 5 (33 nog, 82%): +APcl MS 
(M+D* 432: 'H NMR = 400 MHz (CDCI3) 5: 8.70-8.60 (NH, br m, IN). 2.99 (Me, s, 
16 1H). 2.97 (Me. s, 2H). 



2-Amino-f^f1-benzvtoxvmethvt-2-reafS H4-fluoro-ben2vn-6.B-dtoxo.hexahvdrD. 
Dvnolon ■2-alPNwa2in-2.vi V2.Qxo-ethvfl-2-methvl-orDp}onamide. hydrochloride 



20 A. 2-/4-nuorp4ienzvlW)iDera zine-1.2.4-tricarboxvlicacid l-benzvl eater 4^rt. 
butvl ester 2-methvlea^r 

Alkylation of piperazine-1.2.4-tricarboxylic add 1-benzyl ester 4-tert-butyl ester 2- 
methyl ester (10.2 g, 27.0 mnwO witti 2-fluorobenzyl bromide (5.11 g, 27.0 mmol) 
was performed analogous to th preparation of the title compound of part 1-A to 
25 afford the title compound of part e-A (2.78 g, 21%): MPd MS (M-Boc4-H)^ 387; 



Example 6 
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NMR = 400 MHz (CDCU) 6: 7.45-7.30 (arom. br s. 5H). 7.00-6.80 (arom. br m. 4H). 
5.35-5.05 (br m. 2H), 2.53 (brt 1H). 1.40 (Boc. s. 9H). 
B. 3-(4-FluofD-benzvlV-DiDeraane-1.3-dicarboxvtic add 1-tert-butvl ester 3- 
methvt ester 

5 According to General Procedure F, the title compound of part 6-A (0.249 g. 0.72 
mmol) was deprotected to give the title compound of part 6-B (0.230 g. 91%): 
+APcl MS (M+H)* 353. (M-'Bu+H)* 297, (M-Boc*H)* 253; 'H NMR = 400 MHz 
(CDQa) 

6: 7.08-6.90 (arom. m. 4H). 3.62 (Me. s, 3H), 1.41 (Boc. s. 9H). 
10 C. 4-AcetYl-3-f4-fluofO-benzvft-DiDerazine-1.3Kjlcart)oxvlic add 1»tert-bulvl ester - 
3-methvt ester 

To a solution of the title compound of part 6-B (77 mg, 0J22 mmol) and 
diisopropylethylamine (0.15 mL. 0.87 mmol) in dichloromethane (1 mL) was added 
acetyl chloride (0.031 mL, 0.44 mmol). The reaction was stirred for about 1.5 hours, 
15 then quenched with saturated aqueous NaHCOa. Additional methylene chlroride 
was added and the mixture was washed twice with saturated NaHCOs, then brine, 
dried over anhydrous magnesium sulfate, fittered and concentrated in vacuo to give 
the crude product the title compound of part 6-C (86 mg. quantitative): MPd MS 
(M-'Bu+H)* 339. (M-Boc<-H)* 295; ^H NMR = 400 MHz (CDCb) S: 7.10-7.69 (arom., 
m, 4H). 3.70 (MeO. d. 3H). 2.10 (MeCO. d. 2H). 1.42 {BOC, d. 9H). 
D. 8a-r4-nuoro-benzvt^.8^iaxo4iaxahwdnM» vrrolori .2-alDvrazine-2-carfamcMlie 
add tert-butvl ester 

To a stirred solution of the title compound of part 6-C (86 mg. 0.22 mmol) in 
anhydrous tetrahydrofuran (1.5 mL) cooled to about -78 "C under nitrogen 
atmosphere was added a 1M solution of lithium bi8(trimethyi8ilyl)amide in 
tetrahydrofuran (0.66 mL. 0.66 mmol) dropwise. The reaction was stirred at -78 *C 
for about 10 minutes, then the reaction was quenched with methanol and 
concentrated jQ vacuo. Ethyl acetate was added, and the mixture was extraded 
with saturated ammonium chloride solution, brine, dried over anhydrous magnesium 
suKate. fiHered and concentrated jQ vacuo to give crude product Purification by 
silica gel chromatography using 0-50% thyl acelate/hexanes as elu nt yielded the 
titie compound of part 6-0 (53 mg, 67%): -APd MS (M-H)* 361 ; NMR » 400 MHz 
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(CDCU) 5: 6.94 (arom.. d. 4H). 2.66 (CHHPh. d. 1H). 2.01 (CHHPh. d. 1H). 1.47 
(BOC, s, 9H). 

E- 8a-f4-Fluorp-benzvft-tetrahvdfo-ovnDto[1.2-alDVTa2ine-6.S<lione. 
hydrochloride 

5 The title c»mpound of part 6-D (53 mg, 0.15 mmol) was deprotected according to 
the method described in General Procedure C. and the product was triturated with 
ethyl ether to give the title conrtpound of part 6-E (44 mg. quantitative): +APcl MS 
(M+1)* 263; 'H NMR = 400 MHz (methanoW*) 6: 7.15-6.90 (arom.. series of m, 4H). 
4.34 (CHHNCO. 1H). 2.93 (td. 1H). 
10 ^- M-^im>-Ben zy|Qxvmethvl-2.f8afSM4-fhiorD-benzvn-6.8-dioxo-ha)(ahvdio. 
Pvrrolori.2-^lPViazin-2-vn-2. oxo-ethvlcariMmovlWlHnethvl-ethvlVcartMm^^ add tert- 
butvl ester 

According to General Procedure B, the titte compound of part 6-E (44 mg. 0.15 
mmol) was coupled to the title compound of part 2-1 (56 mg. 0.15 mmol), and the 

15 product was purified by sHica gel chromatDgraphy (&-80% ethyl acetale/hexanes) to 
give desired isomer of the tWe compound of part 6-F (26 mg. 28%). fractions which 
contained a mixturB of the two diastereomerB (20 mg. 22%). fbHowed by the more 
polar isomer (6 mg. 7%): ^Pd MS (M-H)' 623; For 6-F: *H NMR = 400 MHz 
(CDCIa) 5 ; 7.3&«.85 (arom.. series of m. 9H). 5.16 (br m, 1H). 2.03 (d, 1H). For 

20 isomer 'H NMR = 400 MHz (CDCI3) 8: 7.35^.55 (arom., series of m. 9H), 5.24 (br 
m. 1H). 1.91 (d. 1H). 1.40 (Boc. s. 9H). 

G. 2-Amino-N-f1fi^V4)ergvloxvmethvl-2-r8afSW4- fluorD-benzwlV6B^ioya- 
hexahvdro-DvrfDlor i .2-alPvrazln-2-vn-2-o>aKethvft-2-methvl-DroDionanryde 
hydrochloride 

25 The title compound of part 6-F (26 mg, 0.042 mmol) was deprotected according to 
the method described in General Procedure C. and the product was triturated with 
ethyl ether to give the title compound of this Example 6 (22 mg. 96%): MPd MS 
(M+1)* 525; 'H NMR = 400 MHz (methanoi-d4) & 7.40«.85 (arom.. series of m. 9H). 
5.15 (t. 1H), 4.54 (s, 2H), 2.68 (d. 1H). 1.58 (Me. m. 6H). 
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Example 7 

2-Aminc>-N-f2-f3a-benzvU2-methvl-3K)x(>octahvdrD^)VTOto 
bergvloxvmethvl-2-<)xo-ethvn>2-methvl-DroDionamide. hydrochloride 



5 A. 4-Oxo-Piperidine"1.3<ltcaft)Oxvlic acid 1-tert-butvl ester 3>methvl ester 

To a mixture of 7.00 g (36.2 mmol) of 4-oxo-piperidine-3-carboxylic add methyl 
ester and 8.82 g (72.3 mmoO of 4,4-dlmethylamlnopyrid(ne in 200 ml of methylene 

chloride at about 0 was added a solution of 7.88 g (36.2 mmol) of dhtert- 
butyldicart)onate in 150 mL of methylene chloride over about 30 min. The mixture 

10 was warmed to room temperature and then stirred for about 17 h. The mixture was 
concentrated and the residue was diluted with chloroform and washed three times 
each with 10% aqueous HCI, saturated aqueous sodium bicarix>nate solution and 
brine, dried over MgS04 and concentrated to give 9.18 g of the title compound of 
part 7-A as a dear yellow oil. 

15 B. 3>fR.SVBen2vl'4-oxo-DiDerldine-1.3-dtcarfaoxvlic add Vtert-butvl ester 3> 
methvl ester 

To a solution of 5.00 g (19.4 mmol) the title compouid of part 7-A in 10 mL of DMF 
was added 745 mg (7.4 mmol) of sodium hydride (60% oil dispersion) and the 
mixture was stirred at room temperature for about 15 min. A solution of 3.32 g (19.4 
20 mmol) benzylbromide in 15 mL of DMF was added to the stirring solution by cannula 
and the mfodure was stirred for about 42 h at room temperature. The mixture was 
diluted with ethyl acetate and washed once with water and four times with brine, 
dried over Mg804. and concentrated to give 6.0 g of the title compound of part 7-B 

as a yellow oil. MS (CI. NH3) 348 (MH^. 
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C. 3-Ben2vt*4-methoxvcart)onvlmethvlene-Diperidine"1.3-<iica add 1- 
tert'butvl ester 3^ethvl ester 

In a pre-dried flask under nitrogen atmosphere was placed trimethyl 
phosphonoacetate (0.97 mL, 6.0 mmol) and anhydrous tetrahydrofuran (5 mL). The 
5 mixture was cooled to atx>ut 0 ""C, and t-tnjtoxide was added dropwise over about 
10 minutes, and the reaction was stirred about 1 hour at about 0 ''C. A solution of 
the title compound of part 7-B (1.058 g, 3.049 mmoQ in anhydrous tetrahydrofuran 
(5 mL) was added via syringe, and the reaction was stirred at room temperature 
ovemight The solvent was removed jn vacuo, and aqueous 2N HCi was added and 

10 the mixture was extracted twice with ethyl acetate. The combined organic layers 
were washed with saturated sodium bicarbonate and brine and dried over 
anhydrous magnesium sulfate, filtered, and concentrated in vacuo to give the title 
compound of part 7-C as a colorless liquid (1.407 g, ca 1(M)%): PBMS (M+lf 404. 
(M+lsr 421. (M-55)* 348, (M-SS)* 304; NMR = 400 MHz (CDClz) 5: 7.25 (arom, 

15 m. 3H). 7.10 (anom. m. 2H). 5.99 (=CH. br s. 1H). 3.70 (Me, s, 3H), 3.60 (Me, s, 3H), 
1.40 (BOC.br s. 9H). 

D. 3-BenzvM-nf>ethoxvcarbonv lmethvtolDeridine-1.3<liM^ add l-tert- 
butvl ester 3-methvl ester 

The title compound of part 7-C (1.4 g. 3.5 mmol), ethyl acetBie (25 mL) and 10% 
20 palladium on carix)n (280 mg) were combined and hydrogenated at 50 psi Ha on a 
Parr^ shaker for about 21 hours. The mixture was then filtered through a bed of 
diatomaceous earth. The diatomaoeous earth was washed with ethyl acetate, and 
the filtrate was concentrated in vacuo . Purification by sBica gel chromatography 
using 25% ethyl acetate/hexanes as eluent afforded the titie compound of part 7-0 
25 as a colorless liquid (1.09 g. 79%): PBMS (M^l)^ 406. (M^18)^ 423. (M-99)^ 306; 
NMR = 400 MHz (CDCI3) 5: 7.24 (arom, m. 3H). 7.12 (arom. m, 2H), 3.69 (Me. s. 
3H), 3.57 (Me. S. 3H). 1.42 (BOC. s. 9H). 

E. 3-Benzvt-4-carboxvmethvl^Deridlne-1.3-dicarfaox^^ add l-tert-butvl ester 
3^thyles^ 

30 To a stirred solution of the title compound of part 7-D (1.07 g. 2.64 mmoO in 
methanol (15 mL) at about 0 X was added a 1M aqueous sduiion of lithium 
hydroxide (3 mL, 3 mmol). The reaction was stimed at room temperature overnight 
then additional 1M aqueous lithium hydroxide solution (1.0 mU 1 mmol) was added. 
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The reaction was stirred ab ut another 3 hours, then anoth r 1.0 mL of the lithium 
hydroxide solution was added. The reaction was stirred for aiaout 5 hours more, 
then concentrated m vacuo . The residue was quenched with 2N HCI and extracted 
four times with ethyl acetate. The combined organic layers dried over anhydrous 
5 magnesium sulfate, filtered and concentrated in vacuo to give the title compound of 
part 7-E as a viscous ofl (951 mg, 92%): -APd MS (M-1)' 390; NMR = 400 MHz 
(CDCI3) S: 7.25 (arom. m, 3H). 7.12 (anom, m. 2H), 3.58 (Me, s, 3H). 1.42 (BOC, s, 
9H). 

F. 3-Benzvt-4-fbenzvloxvcarbonvlamino-methvlVoiDeridine-1 .3-dicarfaoxvlic acid , 
10 1-tert-butvl ester 3^nethvi ester 

A solution of the title compound of part 7-E (951 mg, 2.43 mmoO, triethylamine . 
(0.341 mL, 2.46 mmol) and diphenylphosphoryi azide (0.593 mL. 2.67 mmoQ In 
benzene under nitrogen atmosphere was heated to reflux for about 45 minutes. 
Benzyl alcohol (0.503 mL, 4.86 mmol) was added and the reaction was refhixed 

15 overnight The reaction was cooled to room temperature and the solvent was 
removed in vacuo . Ethyl acetate was added, and the mixture was extracted with 
water, saturated sodium bicafbonate solution, brine, dried over anhydrous 
magnesium sulfate, filtered and concentrated |n vacuo to give the title compound of 
part 7-F as a yeOomt liquid (1.44 g, ca 100%): +APcl MS (M-100)* 397; NMR = 

20 400 MHz (CDa3) 5: 7.34-7.12 (arom. m, 10H). 5.09 (NH, s, 1H). 3.68 (PhCiirO. s. 
2H). 3.52 (Me, s. 3H). 1 .42 (BOC. br s. 9H). 

G. 4-Aminomethv»-3-ben2vl-DiDeridine.1.3.diearboxvlicacid l-tert-hutvl astar a. 
methvl ester 

The title compound of part 7-F (1.4 g, 2.8 mmoO. ethyl acetate (20 mL) and 10% 
25 palladium on carbon (280 mg) were combined and hydrogenated at about 50 psi H2 
on a Pan* shaker for about 20 hours. The mixture was then filtered through a bed 
of diatomaceous earth. The diatomaoeous earth was washed with ethyl acetate, 
and the filtrate was concentrated iQ vacuo. The residue was then dissolved in 
toluene, and a catalytic amount of triethylamine was added. The reaction was 
30 refluxed for about 5 days to form the lactam, with an additional 2-3 drops of 
triethylamine added after the first day. The filtrate was then concentrated jQ vacuo . 
Ethyl acetate was added, and the mixture was washed with saturated sodium 
bicarbonate solution. 2N HCI. brine, dried over anhydrous magnesium sdSato, 
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filtered and concentrated jn vacuo to give 944 mg of a yellow oil. Purification by 
silica gel chronrtatography on a chromatotron using 75% ethyl acetate/hexanes as 
eluent afforded the tide compound of part 7-G as a white foam (336 mg, 33 %): 
MPcl MS (M+1)* 331. (M-55)* 275. (M-99)* 231; 'H NMR = 400 MHz (CDCI3) 5: 
5 7.26-7.10 (arom. m, 5H), 5.69 (NM, br s. 1H). 3.75 (-NHCJbr. br d. 2H), 1.47 {BOC, 
S.9H). 

H. 3a-Benzvl-2-methv»-aoxo^ctahvdro-Dvrrplof3.4-clDvridine-S-carbQ»iHe aeid 
tert-butvl ester 

To the title compound of part 7-G (168 mg, 0.508 mmol) in tetrahydrofuran (3 mL) 

10 under nitrogen atmosphere was added sodium hydride (22 mg. 60% dispersion in 
oil. 0.55 mmol), and the mixture was stirred for about 30 minutes at room 
temperature. Methyl iodide (0.315 mL. 5.06 mmol) was added, and the reaction 
was stirred for about 3 hours at room temperature. Additional methyl Iodide (0.315 
mL. 5.06 mmol) was added, and the reaction was stined for about another 3 hours 

15 at room temperature. The reaction mbcture was then concentrated jQ vacuo. Ethyf 
acetate was added, and the mixture was washed with saturated sodium thiosutftite 
solution, brine, dried over anhydrous magnesium sulfate, filtered and concentrated 
in vacuo to give the tide oonqwund of part 7-H as a colorless oil (187 mg. ca 100%): 
+APcl MS (M+1)* 345. (M-55)^ 289; NMR » 400 MHz (CDCI3) 6: 7J25-7.15 (arom, 

20 m, 5H). 3.64 (-NMeCHr. br. 2H). 2.70 (NMe, s, 3H). 1.47 (BOC. s. 9H). 

i- 3a-Benzvl-2-methvl-oclahvdrD-Pvrrotof3.4-clPvridln-3^ne. hvdrochloride 
The title compound of part 7-H (185 mg, 0.537 mmoO in a solution of 4M 
HCI/dioxane (10 mL) was stirred at room temperature for about 4 hours. The 
reaction mbdure was oonoentrated Iq vacuo to a gummy solid, which was triturated 

25 with ethyl ether to give a whits solid. The ether was decanted off and the soUd was 
dried in vacuo to give the title compound of part 7-1 (150 mg, 100%): MPcl MS 
(M+1)* 245; ^H NMR « 400 MHz (methanokl4) «: 7.29 (arom, m, 3H), 7.18 (arom. m, 
2H). 2.70 (NMe. s. 3H). 
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J. l142-f3a-Benzvt-2-m thvl-3<^xcK>ctahvdro-DvrTolof3.4K:lpvridirhS-vi^ 
ben2vtoxvmethvl-2-oxo-ethvlcarbamovn-1'methvl-ethvft-^ acid tert-butvl 
ester 

To a stirred solution of the title compound of part 2-1 (190 mg, 0.500 mmol). the title 
5 compound of part 7-1 (150 mg. 0.534 mmoO, 1-hydroxy-7-azabenzotriazole (75 mg. 
0.55 mmoO. and NMM (118 mU 1.05 mmol) in dichioromethane at dbout 0 ^'C under 
nitrogen atmosphere was slowly added 1'-(3-dimethyiaminopropyl)-3- 
ethylcarbodiimide hydrochloride (106 mg, 0.55 mmoO. The reaction was allowed to 
warm to room temperature overnight The reaction was then concentrated in vacuo . , 

10 Ettiyl acetate was added, and the mixture was extracted with 2N HCI, saturated 
sodium bicart>onate solution, brine, dried over anhydrous magnesium sul^te, 
filtered and concentrated in vacuo to give 257 mg of a colortess oil. Purification by 
silica gel chromatography on a chromatotron using 0-2% methanol/ethyl acetate as 
eluent afforded the title compound of part 7^ as a coloriess oil (205 mg, 68%): 

15 +APcl MS (M+1)* 607, (M-99)* 507; NMR = 400 MHz (methanokU) 5: 7.30-7.02 
(arom, m. 10H), 5.13 (NCHCO, br m, 1H), 4.50 (OCtfePh. m, 2H). 1,43 (Me. m, 6H), 
1.38(BOC, m,9H). 

K. 2-Amino-N42-f3a-benzvl-2-methvl-3-oxo-octahvdrD-pvrro 
vlV1(RV43en2vloxvmethvt-2-oxo-^thvtV2-n^ethvl-Dno^ hvdrochloride 

20 A solution of the title compound of part (195 mg, 0.321 mmoO In 4M HCi/dioxane 
(10 mL) was stirred at room temperature overnight The reaction was concentrated 
In vacuo to a gummy solid, which was triturated with ethyl ether to give a solid. The 
solid was collected by filtrafa'on to give the titie compound of ttiis Example 7 as a 
white solid (118 mg. 70%): +APd MS (M+1)* 507; NMR = 400 MHz (methanol- 

25 d4) 6: 7.32-7.10 (arom, m, 10H). 5.12 (NCMCO. br m, 1H), 4.55 (OCHaPh. m. 2H). 
1.60 (Me. m. 6H). 
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Example 8 

2-Amino-N-f2-(3a*benzYl-3K>xo-hexahvdfD-furof3,4-c]pvridirv5-vlV1^ 
benzvtoxvmethvl-2-oxo--ethvn-2-methvk)rDDtonamide. hydrochloride 




5 A. 3-BenzvM-methoxvmemvlene-Diperidine-1,3<liM 1-tert-butvl 
ester 3-melhvl ester 

To a suspension of methoxymethyl triphenyiphosphonium chloride (9.87 g, 28.8 
mmol) in anhydrous tetrahydrofuran (20 mL) was added a 1 M solution of potassium 
tert-butoxlde in tetrahydrofuran (31.7 mL, 31.7 mmol) at room temperature for al>out 

10 2 hours. The title compound of part 7-B (10 g, 28.8 mmol) was then added, and the 
reaction was sttmed at room temperature overnight The reaction mixture was 
diluted with ethyl acetate, and washed twice with 10% aqueous HCI solution, 
saturated sodium bicarbonate solution, brtoie, dried over anhydrous magnesium 
sulfate, filtered, and concentrated in vacuo to give crude product the title compourKi 

15 of part 8-A: MPd MS (M-56)" 319, (M-IOO)" 275; NMR = 300 MHz (CDOa) 

5: 7.28-7.11 (arom. series of m, 5H), 6.61 (OCH-, s, 1H). 3.60 (OMe, s. 3H). 3.55 
(OMe, s, 3H), 1.40 (BOC, s. 9H). 

B. 3-Benzvl-4-fbmr!vl-DiDeridin e-1.3<licarboxvlic add 1-tert-butvl ester a-methy l 
ester 

20 A solution of the title compound of part 8-A (430 mg. 1.15 mmol) and sodium iodide 
(343 mg. 2.29 mmol) in tetrahydrofuran (3 mL) was stirred at room temperature for 
about 2 days. The reaction mbcture was diluted with ethyl acetate, and washed twice 
with saturated sodium bicartx>nate solution, brine, dried over anhydrous magnesium 
sulfate, filtered, and concentrated |n vacuo to giv the title compound of part 8-B as 

25 a yellow oil (410 mg, 99%): PB MS (M+1)^ 382, (M+18)" 379. (M-SS) 306, (M.99) 
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262; NMR = 250 MHz (CDCU) 6: 9.72 (aldehyde, d, 1H), 7.26-7.08 (arom, s ries 
of m, 5H). 3.80 (OMe. s. 3H). 1.48 (BOC. s, 9H). 

C. 3a>Benzvl>3-oxo-hexahvdro-furor3.4<lpvridine-5-carboxvlic add tert-butyl 
ester 

5 To a solution of the title compound of part 8-B (410 mg, 1.14 mmoO in methanol (5 
mL) at about 0 ""C was added sodium borohydride (86 mg, 2.3 mmol). The reaction 
was warmed to room temperature and stirred for about 2.5 hours. The reaction 
mixture was cooled to about 0 ''C, and quenched with saturated ammonium chloride 
solution. The mixture was ttien diluted witti ettiyl acetate, and washed three times 

10 with saturated sodium bicarbonate solution, twice with brine, dried over anhydrous 
magnesium sulfate, filtered, and concentrated ni vacuo to give crude product 
Purification by silica gel chromatography using 20^0% etiiyl acetate/hexanes as 
eluent afforded the titie compound of part 8-C (90 mg, 24%): +aPcI MS (JM-SSf 
276, (M-99)^ 232; NMR ^ 250 MHz (CDCIa) 5: 7.28-7.17 (arom, series of m, 5H), 

15 1.50(BOC.s.9H). 

D. 3a-Ben2vl-hexahvdK>-furDf3.4-clDvridrn'3-one 

The tide compound of part 8-C (90 mg, 0.27 nvnol) was deprotected according to 
tiie method described in Genera! Procedure C to give the crude product as an HCI 
salt This crude product was then diluted witti chlorofdnm, washed with saturated 
20 sodium bicariMnate solution, dried over anhydrous magnesium sulfate, filtered, and 
concentrated in vacuo to give crude product of the tide compound of part 8-D as the 
free amine (50 mg. 81%): MPd MS (M^l)' 231; NMR = 250 MHz (methanol-d4) 
6: 720 (arom. m. 5H). 4.08 (CHtOCX)-. m, 2H). 

E. f 1-r2'-f3a>Ben2vK3-oxo4i^hvdro-furDf3.4^lDvridirv f RV 

25 benzvloxvnr!ethvl-2K>xo-ettivlcart)amovn'1-rnethvt^thvlV<art)a^^ acid tert-butyl 
ester 

According to General Procedure B, the titie compound of part 8*D (50 mg. 0.22 
mmoO was coupled to the titie compound of part 2-1 (82 mg, 022 mmol), and the 
product was purified by silica gel chromatography using 50-80% ethyl 
30 acetate/hexanes as eluent to give ttie titie compound of part 8-E (100 mg, 77%): 
PB MS Q^^T 594. (M4-18)^ 611; NMR = 250 MHz (CDCis) S: 7.30^.98 (arom. 
series f m. 10H), 1.45 (M . d, SH). 1.40 (BOC. s, 9H). 
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F- 2-Amino-N-f2-f3a-benzv<-3-oxo4iexahvdro-furor3.4-clpvridin-S-vlV1fR>- 
benzvloxvmethvt-2-oxo-ethvn-2-melhvt-proDionamide. hydrochloride 
The title compound of part 8-E (100 mg, 0.170 mmol) was deprotected according to 
the method described in General Procedure C to give the title compound of this 
5 Example 8 (50 mg, 55%): PBMS (M+1)*494; ^HNMR = 250MH2(methanol-d4) 
6; 7.31-7.10 (arom, series of m, 10H), 1.57 (Me, d, 6H). 

Example 9 

2-Amino-N-f 1 f RV-benzvtoxvmethvl-2-f 3-methvl-2-oxo-3a-pvridin-2»vlmethvl- 
hexahvdro-oxazolof4,S-clPvridirv5.vlW2-oxo-ethv n.2-methvl.DrDDiQnamide 
10 hydrochloride 




A. 4-Oxo-3-(R.SVpyridin-2-vlmethyl-piDeridine .1.3^icart>oxyHc add 1-tart- 
butyl ester S^nethvlestar 

To a solution of 2.00 g (7.8 mmoQ of S-benzyM^xo-piperidine-I.S^carboxylic add 
15 1-tert-bufyl ester 3-butyl ester, prepared analogously to the preparation of the 
methyl ester analog (the title compound of part 7-A), in 32 mL of THF was added 
468 mg (11.7 mmoO of sodium hydride (60% on dispersion) at about 0 ''C and the 
mixture was stimed for about 30 min. A solution of 762 mg (6.0 mmoO 2-picolyl 
chloride in 5 mL of THF was added to the stirring solution over about 5 min. fblowed 
20 by the addition of 432 mg (2.6 mmd) of potassium iodide. The toe bath was 
removed and the mixture was heated for about 17 h at reflux The mixture was 
diluted with ethyl acetate and washed once with water and once with brine, dried 
over MgS04. and concentrated. The residue was purified by silica gel 
chromatography using (8:4 v/v etherthexane) fbliowed by (6:4 v/v ethyl 
25 aoetate:hexane) to give 1.2 g of the title compound of part 9^. IMS (CI, NH3) 349 
(MH+). 
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B. 4-Hvdro»^3-Dvrkiin-2-vlniethv»-DiDeridine-1.3-dicarboxvtic acid 1-tert-butvl 
ester 3-«thvl ester 

To a stirred solution of the title compoimd of part 9-A (8.0 g, 0.022 mmoO in 
methanol (80 mL) at 0 'C was added sodium kwrohydride (0.836, 0.022 mmoO 
5 poftionwise. The reaction was stirred for about 3 hours at room temperature. The 
reactior) was quenched with saturated ammonium chloride solution, the methanol 
was removed in vacuo, and the aqueous mixture was extracted several times with 
ethyl acetate. The comt)ined organic layers were dried over anhydrous magnesium 
sulfate, fittered. and concentrated jn vacuo to give 10 g of crude product 
10 Purification t>y silica gel chromatography using 50-80% ethyl acetate/hexanes as 
eluent afforded the titie compound of part 9-B (7.3 g, 91%): +APcl MS (M+1)* 365, 
(M-55)* 309. (M-99r 265; NMR = 300 MHz (CDCb) 6: 8.48 (arom. d. 1H), 7.67 
(arom, t, 1H), 7J20 (anom. m, 1H). 7.00 (arom. br, 1H). 1.44 (BCX^. s. 9H), 1.20 
(CH2CH3, t. 3H). 

15 C. 4-HvdrDxv-3-Dvridin-2-vlmel hvl-oiDeridine-1.3-dicarfaoxvlic add 1- tert-bu^ 
ester 

A solution of the title compound of part 9-B (2.3 g, 6.3 mmoO and aqueous IN 
NaOH (32 mL) in ethanol (30 mL) was stirred overnight at room temperature. The 
reaction was then stirred overnight at about 35 *C. The solvent was removed iri 

20 vacuo, the aqueous mixture was diluted with water and dichloromettiane, and ttien 
acidified to about pH 4,0 - 4.8 with glacial acetic add. The organic layer was 
renx>ved, and the aqueous layer was extracted several times with dichlonomelhane. 
All of tiie organic layers were combined and dried over anhydrous magnesium 
sulfate, filtered, and concentrated jn vacuo to give the title connpound of part 9-C 

25 (2.2 g, 100%): -APd MS (M-1)' 335; NMR = 300 MHz (mettianol-d4) 5: 8.44 

(arom. d. 1H), 7.75 (arom, t, 1H), 7.29 (arom, m, 2H), 1.40 (BOC, s. 9H). 

D. 2-Oxo-3a-D vridin-2-vlrT>ethvl-hexahvdno-oxazolor4.5-clPvridine-5-carboxvlie 
add tert-butvl ester 

A solution of the titie compound of part 9-C (2.2 g, 6.5 mmoQ. diphenylphosphoryl 
30 azide(1.8 g. 6.5 mmol), and triett^ylamine (661 mg. 6.5 mmoO in benzene (25 mL) 
was heated to reflux for about 14 hours, then stirred at room tomperature for about 
2 days. The reaction was then oonoentaated m vacuo . Purification by sifica gel 
chromatography using ettiyi aoetate/^tane as eluent aflbrded the titi conqjound 
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of part 9-0 (492 mg. 22 %): +APcl MS (M+l^ 334. (M-55)^ 278; NMR = 300 
MHz (CDCb) 5: 8.50 (arom, d. 1H). 7.64 (arom. t. 1H). 7.16 (arom, m, 2H), 7,08 (NH. 
brs. 1H), 1.17(BCX:. s. 9H). 

E. 3-Methvt-2-oxo-3a-pvrklin-2-vlmethvkhexahvdfD-oxazolof4.5^ 
5 cart>oxvtk: add tert-butvl ester 

To a stirred solution of the title compourxl of part 9-D (494 mg, 1.48 mmol) in N,N- 
dimethyifbrmamide was added sodium hydride (43 mg, 60% dispersion in mineral 
oil, 1.8 mmol) at room temperature. The mixture was stimed for about 10 minutes, 
then methyl iodide (256 mg, 1.80 mmoO was added, and the reaction was stirred 

10 overnight Water was added to the reaction mixture, and the mixture was extracted 
several times with ethyl acetate. The combined organic layers v^re then backr * 
extracted several times with water. The organic layer was dried over magnesium 
sul^e, filtered and concentrated in vacuo to give 494 mg of crude product 
Purification by silica gel chronnatography using 60% ethyl acetate/hexanes as eluent 

15 afforded the title compound of part 9-E as a crystalline solid (273 mg, 53 %): MPcl 
MS (M+1)^ 348, (M-55)^ 292, (M-99)* 248; NMR = 400 MHz (CDCI3) 5: 8.51 
(arom, br, 1H). 7.60 (arom. br. 1H), 7.18 (anDm, br m. 2H), 2.85 (NMe, br. 3H). 1.46 
(BOC. s, 9H). 

F. 341ethvl-3aH)vrid?n>2-vlmethvl4iexahvdrp>oxazotor4.5-cl^^ 
20 dihvdrcxJiloride 

To the titie compound of part 9-E (270 mg, 0.778 mmol) in anhydrous 
dichloromethane (1 mL) was added a solution of 4M HCI/dioxane (1 mL, 4 mmoO. 
and the mixture was stinred for at>out 4 hours. The reaction mbduna was then 
concentrated in vacuo to give the title compound of part 9-F ^0 mg, 89%): MPd 

25 MS (M+1)^ 248: NMR = 300 MHz (methanokl4) 6: 8.78 (anom, d. 1H), 8.43 
(arom. 1 1H), 8.00 (arom, d. 1H). 7.91 (arom. 1 1H), 2.57 (NMe, s. 3H). 
6. (141fRVBenzvtoxvnrielhvl-2-^3-mathvl-2'<)xo^a4)vridin-^ 
hexahvdrQ<«a2dor4.5^1cwkfin-5'VlV'2'Oxo-ethvlcarbam 
cart)amtc acid tert*butvl ester 

30 To a stirred solution of the title compound of part 9-F (1 15 mg, 0.360 mmol). the titie 
compound of part 2-1 (116 mg, 0.360 mmol), triethylamine (101 mU 0.72 mmol), and 
1-hydroxy-7-azabenzotriazol6 (61 mg, 0.45 mmol) in dichloromethane f^Z mL) cooled 
to about *30 ""C was add d i;2-diethylamlnoethyl chloride hydrochloride (69 mg, 
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0.36 mmol). The reaction was stirred at at>out -30 *C for about 2 hours, then 
allowed to warm slowly to room temperature overnight. The reaction was then 
concentrated in vacuo . Pun'fication by silica gel chromatography using ethyl acetate 
as eluent afforded the title compound of part 9-G (129 mg, 59%): +APcl MS (M+1)* 
5 610. (M-99)* 510; 'H NMR = 300 MHz (CDCb) 6: 8.51 (arom. br d. 1H). 7.57 (arom. 
br. 1H). 7.25-7.15 (arom. m. 7H), 1.42 (Me. s. 6H). 1.38 (BOC. br, 9H). 
H. 2-Amino-N-f 1 f R)-benzvtoxvmethvl-2-(3-methvl-2-oxo-3a-ovridin-2-vlmethvl- 
hexahvdfo-oxazotof4.5-clpvridin-5-vn-2-oxo-ethvn-2-methvl-DroDionamide. 
hydrochloride 

10 To the title compound of part 9-G (125 mg. 0.205 mmol) in anhydrous 
dichloromethane (1 mL) was added 4M HCI/dioxane (1 mL), and the reaction was 
stirred at room temperature overnight The reaction was concentrated in vacuo to 
give the title compound of this Example 9 (133 mg. ca 100%): +APcl MS (M+1)* 
510; NMR = 300 MHz (CDCb) 6: 8.80 (arom. m, 1H). 8.52 (arom. m. 1H). 8.10 

15 (arom. m. 1H). 8.02 (arom, m 1H). 7.35-7.27 (arom, series of m, 5H), 1.62 (Me, s, 
3H). 1.59 (Me, s. 3H). 

Example 10 

2-Amino-N-f2-f4a-b enzvl-2-oxo-hexahvdrD^xa-1 .6-diaza-naphthalen-6-vfV1 fRV 
benzvloxvmethvl-2-oxo^thvn-2.methvl-cropiQnam ide. hydrochloride 



20 




A. 3.PenzvM-oxo-Pipeildlne-3<artx>xvlicaeid methvl ester, hydrochloride 
To a stirred solution of the titie compound of part 7-A (98.1 g, 282 mmoO in ethyl 
ether/elfiyl acetate (800 mLy200 mL) at room temperature under nitrogen 
atmosphere was bubbled in HQ gas for about 30 minutes. The reaction was stirred 
25 fbr about 1 hour, then HO gas was bubbled in for about an additional 30 minutes 
and the reaction was stbred for about another 1 hour. HOI gas was bubbled in fbr 
about an additional 1 hour, and then the solid product was collected fUtration, 
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rinsed with ethyl th r. and dried in vacuo to give the title compound of part 10-A as 
a white powder. (72 g, 90%); 'H NMR = 250 MHz (methanoW*) 6: 7.29 (arom. m, 
3H). 7.09 (arom, m, 2H), 3.81 (Me, s, 3H). 3.74-2.66 (series of m, 8H). 

B. 3-Ben2vl-4-oxo-piDeridine-3-carfaoxvlic add methvl ester 

5 The title compound of part 10-A was suspended in chloroform and washed twice 
with saturated sodium bicarbonate solution, dried over sodium sulfate, filtered and 
concentrated in vacuo to give a waxy solid. This solid was stinred in isopropyl ether 
(250 mL) ovemight and then the solid product was collected by filtration and dried 
in vacuo to give the title compound of part 10-B as a white powder (23 g, 76%): 
10 TSMS (M+1)* 248; *H NMR = 250 MHz (methanol-d4) 8: 7.22 (arom. m, 3H). 7.10 
(arom, m, 2H). 3.65 (Me. s. 3H), 3.54-2.35 (series of m, 8H). 

C. 1.3-Dibenzvl-4-oxo-Pioeridine-3-carboxvlic add methvl ester 

A solution of the title compound of part 10-B (17.0 g, 68.7 mmoQ. potassium 
carbonate (19.0 g, 138 mmol). and benzyl bromide (11.8 g, 68.7 mmol) in N.N- 
15 dimethylformamide (100 mL) was stirred at room temperature overnight The 
mixture was diluted with ethyl acetate and washed tvwce with water, brine, dried 
over sodium sulfate and filtered. The N.N-dimethyiformamide was azeotroped off 
with heptane, and the product was concentrated in vacuo to give the title compound 
of part 10-C as a yellow ofl (19 g. 82%): PBMS (M+1)* 338; NMR = 250 MHz 
(CDCI3) 5: 7.31 (Ph, m, 5H). 7.21 (Ph. m. 5H). 3.64 (Me. s. 3H), 3.60 (s. 2H). 3.41- 
2.90 (series of m. 8H). 

D. 1.3-Diben2 vM-hYdfoxvimino-D^peri(fine-3^art)oxvlic add methvl ester 
To a stirred solution of the title compound of part IOC (2.1 g, 6.2 mmol) and 
triethylamine (0.90 mL, 6.2 mmol) in methanol po mg was added hydros^lamine 
hydrochloride (433 mg. 6.22 mmoQ. The reaction was stirred at room temperature 
for about 16 hours under nitrogen atmosphere. The reaction mixture was then 
concentrated hi vacuo, diluted with dichloromethane. and then quen^d with 
aqueous 10% HQ until the mbdure was at about pH 2. The organic layer was 
washed with saturated sodium bicarbonate solution, brine, dried over sodium 
sulfate, filtered arxt concentrated Iq vacuo to give the title compound of part 10-D as 
a yellow, hygroscopic solid (1.7 g. 78%); +APd MS (M*1)* 353; NMR « 300 
MHz (methanolKi^) 6: 7.28-7.17 (arom, m. 10H), 5.47 (NOM, s, 1H). 3.52 (Me. s, 3H). 
3.4S>2.20(s ries f muKlpiets, 10H). 
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E f4^Amino-1.3-d^ben2v^Diperidin^3^v^)>methanol 

To a stirred solution of the title compound of part 10-D (1.59 g, 4.51 mmoi) in 
tetrahydrofuran at about 0 °C under nitrogen atmosphere was slowly added a 1M 
solution of lithium aluminum hydride (11.28 mL). The reaction was slowly warmed 
5 to room temperature and then heated at reflux for about 17 hours. The reaction was 
then cooled to about 0 ""C and quenched with water (8 mL), then aqueous 15% 
NaOH (24 mL) was slowly added, followed by additional water (8 mL). The mixture 
was filtered, and the solid precipitate was rinsed with ettiyl acetate (40 mL). The 
organic layer in the filtrate was separated and washed twice with t)rine, dried over 
10 sodium sultate. filtered and concentrated in vacuo to give the title compound of part 
10-E as a yellow, hygroscopic solid (1.35 g. 57%): +APcl MS (M^l)* 311; NMR 
= 250 MHz (methanol-d4) 6: 7.18 (arom, m. 10H), 3.31-1.40 (series of m, 12H). 

F. 4a.6-Dibenzvk)ctahvdro-3-oxa-1.6<liaza-naphthalerH'2-one 

A solution of the title compound of part 10-E (980 mg, 3.16 mnrK>l), 1,1- 
15 carbonyldlimidazole (2.560 mg. 15.78 mmd), and triethylamine (0.90 mL, 6.3 mmoO 
in ethylene glycol dimethyl ether was heated at reflux for about 2 days under 
nitrogen atmosphere. The reaction was then cooled to room temperature, and 
concentrated jn vacuo . The mixture was diluted with chloroform (150 mL), and 
washed with water (30 mL) and then brine (30 mL). The organic layer was dried 
20 over sodium sulfate, filtered and concentrated in vacuo. Purification by silica gel 
chromatography using 75% ethyl acetate/hexanes as eluent afforded the title 
compound of part 10-F (410 mg, 39%): +APcl MS (M+1)* 337; NMR = 300 MHz 
(CDCb) 5: 7.40-7.00 (arom. series of m. 10H). 6.34 (NH, br s, 1H), 3.75 (d of d. 2H). 
3.51 (s. 2H). 3.39 (m. 2H). 3.11 (br d. 1H), 2.68 (d of d. 2H), 2.14-1.50 (series of m. 
25 4H). 

G. 4a-Benzvl-octahvdro>3<>xa-1 .6Kliaza-naDhthalen-2-one 

The title compound of part 10-F (347 mg, 103 mmol), ethanol (50 mL). water (10 
mL). and 10% palladium on cartx)n (347 mg) were combined and hydnogenated at 
45 psi H2 on a Parr^ shaker overnight The mixture was then filtered through a bed 
30 of diatomaceous earth. The diatomaceous earth was washed with ethanol (200 
mL). and the filtrate was concentrated jn vacuo . Purification by silica gel 
chromatography using 75-100% ethyl acetate/hexanes as eluent afforded the title 
compound of part 10-6 as a white solid (130 mg, 53%): MPcl MS (M^l)^ 247; 
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NMR = 250 MHz (m thanoM*) 5: 7.29 (Ph. m, 5H). 3.78 (S, 1H). 3.35 (s. 2H). 3.22- 
1.68 (series of m, 8H). 

H. f 1-T2-^4a-Benzvl-2-oxo-hexahvdro-3-oxa-1 .6-diaza-naDhthalen-6-vn-1- 
benzvloxvmethvl- 2-<>xo-ethvlMrbanrwvn-1-methvt-ethvnKa^ add tert-butvl 
5 ester 

A solution of the title compound of part 10-G (125 mg, 0.507 mmol), 1-hydroxy-7- 
azat)enzotriazole (103 mg. 0.762 mmol), the title compound of part 2-1 (290 mg, 
0.762 mmol), and 1-(3-dimethylaminopropyi)-3^ylcartMdiimide (107 mg. 0.558 
mmol) In anhydrous dichloromethane (20 mL) was stirred at room temperature 

10 overnight under nitrogen atmosphere. The reaction mixture was diluted with 
dicMoromethane. and the solution was extracted with saturated sodium bicarbonate 
solution and then brine. The organic layer was dried over sodium sulfate, filtered 
and concentrated in vacuo. Purification by silica gel chromatography using 5% 
methanol/dichloromethane as eluent afforded the title compound of part 10-H as a 

15 viWte solid (93 mg, 30%): -i-APClMS (M+1)* 609, (M-99)* 509; 'H NMR = 250 MHz 
(CDCW 8: 7.25 (arom, m, 10H), 1 .50-1 .40 (Me, BOC, 1 5H). 

2-Amino-N-l2-f4a-berg vl-2-oxo-hexahvdro-3-oxf i-i .ft-riiaya- naohthalen-e-yl) . 
1-ben2vloxvmethvl-2-oxo-ethvn- 2-methvl-oronionamide. hydrochloride 
To a stirred solution of the titie compound of part 10-H (89 mg, 0.15 mrrwO in 

20 ethanol (30 mL) was added concentrated hydrochloric add (8 mL) at room 
temperature. The reaction was stirred for about 30 minutes, then concentrated in 
vacuo- The residue was dissolved in methanol (1 mL), ethyl acetate was added, 
and ttie product precipitated out as a solid. The solvent was removed in vacuo to 
give tiie titie compound of ttu's Example 10 as a white solid (83 mg, 100%): +APcl 

25 MS (M+1)* 509: 'H NMR = 250 MHz (metfwnol-d*) 6: 7.20 (arom, m, 10H), 1.58 
(Me, br s, 3H) 1.50 (Me, br s. 3H). 



wo 98/58947 PCT/IB98/00873 

-153- ., 
Example 11 

2-AmirK>-N-f2-(3a-beru^l-2-methv^1.3-dioxo-odahvdro-pvrrolor3.4-c]pvridin'^^ 
fRVbenzvloxvmethv<-2-oxo-ethvn-2-methvl-Dropionamide. hydrochloride 



5 




To a stirred solution of 3.4-pyridinedicafbQximide (10.0 g, 67.5 mmol) in N.N- 
dimelhylformamide was added sodium hydride (1.55 g, 60% dispereion in mineral 
oil, 67.5 mmoO at room temperature. The mixture was stirred for about 30 nrinutes. 
10 then methyl iodide (9.58 g, 67.5 mmoO was added, and the reaction was starred 
overnight Eihyi acetate was added to the reaction mixture, and the mbdure was 
extracted once with water, twice with brine. The organic layer was dried over 
anhydrous magnesium sulMe. flKsred and concentrated iQ vacuo (azeotroping 
excess N.N<limethylfonT»mide with heptanes) to gim caide product Purification 
15 by silica gel chromatography using 0-5% methanol/dichtoromethane as eiuent 
afforded the title compound of part 11-A as an off-white solid (5 g. 46%): PB MS 
(M+1)* 163: NMR = 250 MHz (CDCy 5: 9.11 (arom. s. 1H). 9.08 (arom. d. 1H). 
7.75 (arom. d. 1H). 3.20 (Me. s. 3H). 

B. 2-Methvl-hexahvdrD-pvrrolof3.4-c1pvridine-1 .3-dione. hvdrochloTide 
The title compound of part 11^ (1.00 g, 6.17 mmol), ethanol (20 mL), 3N HCI (5 
mL), and 10% palladium on cart)on (1.0 g) were combined and hydrogenated at 
about 45 psi Hz on a Parr^ shaker overnight The mixture was then filtered through 
a bed of diatomaceous earth. The diatomaceous earth was washed with ethanol, 
and the filtrate was concentrated m vacuo to give the title compound of part 1 1-B as 
a white solid (1.35 g. 100%): PB MS (M^l)^ 169; NMR = 300 MHz (mettianoKU) 
6: 2.98 (Me, s, 3H). 
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C. 2-htethv^1.3Kiioxo-oc«ahvdro-Dvrrolof3.4-clpvridine-5-cafboxvlicacid t rt- 

To a stirred solution of the titie compound of part 11-B (1.27 g. 6.20 mmol) and 4- 
dimethylaminopyridine (1.51 g, 12.4 nvnoO in dichloromethane (100 mL) cooled to 
5 about 0 *C was added a solution of di-tert-butyl dlcarbonate (1 .35 g, 6.20 mmol) in 
dichloromethane dropwise. The reaction was then allowed to warm slowly to room 
temperature overnight The reaction was concentrated in vacuo . Ethyl acetate was 
added to the reaction mbcture, and the mature was extracted twice with 10% HCI. 
twice saturated sodium t)icart>onate solution, and twice with brine. The organic 
10 layer was dried over anhydrous magnesium sulfate, filtered and concentrated jn 
vacuo to give the title compound of part 11 -C as a light yellow oil (1.2 g. 72%). PB 
MS (M+1)* 269. (M+18)* 286; NMR = 300 MHz (CDCI3) 5: 2.85 (Me. s. 3H). 1.34 
(BOC. s, 9H). 

D. 3a-Benzvi- 2-methvl-1.3<lioxo-octahvdro-DvrrDlof3.4-clDvridine-5-cafboxv»ie 
15 add tert-butvl ester 

To a stirred solution of the title compound of part 11-C (600 mg, 2.24 mmol) in 
tetrahydrofuran (10 mL) cooled to about -78 "C was added a 1M solution of fithium 
bls(tiinr»thylsHyt)amide in tetrahydrofuran (2.33 mL) was slowly added over about 10 
minutes. The reaction was stirred at about -78 "C for alxHit 30 minutes, and then 

20 benzyl bromide (0.26 mL. 2.3 mmol) was added. The reaction was allowed to slowly 
warm to room temperature and was stirred for about 3 days. The reaction was 
concentrated jn vacuo, and water was added. The mixture was extracted twice with 
ethyl acetate. The combined organic layers were dried over anhydrous magnesium 
sulfate, filtered and concentrated in vacuo to give crude product Purification by 

25 sHica gel chromatography using 15-100% ethyl acetete/hexanes as eluent afforded 
the title compound of part 11-D (470 mg. 59%): PB MS (M+l)* 359. (M+18)* 376; 

NMR = 300 MHz (CDCI3) 8: 7.20 (arom., m, 3H). 7.06 (arom.. m. 2H), 2.80 (Me. s. 
3H). 1.40 (BOC. s. 9H). 

3a-Benrv>-2-fnethvt.haxah vdro-pvnptor3.4-clDvridine-1.3-dione. 
30 hydrochloride 

Th tide compound of part 1 1-D (450 mg. 126 mmol) was deprofescted according to 
the method described in General Procedure C to ve the title compound of part 1 1- 
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E (370 mg. 99%): PB MS (M-i-ir 259; NMR - 250 MHz (m thanokl4) S: 7.28 
(arom.. m, 3H), 7.14 (arom., m, 2H). 2.70 (Me, s, 3H). 

F. f1>f2-f3a"Benzvl"2'methvl-1,3-dtoxo-<)clahvdro>Dvro 
1fRVbenzvloxvmethvl-2-oxo-^thvlcarbamwn-1«methvl--ethv(^ add tert>butvl 

5 ester 

According to General Procedure B. the title compound of part 11-E (150 mg, 0.51 
mmol) was coupled to the title compound of part 2*1 (193 mg, 0.51 mmoi), and the 
product was purffied by silica gel chromatography using 50-100% ethyl 
aoetate/hexanes as eluent to give the tiUe compound of part 11-F (180 mg, 57%): 
10 PB MS (M+1)* 621, (M+18)" 638; NMR = 250 MHz (CDCI3) 8: 7.30^.90 (arom., 
series of m. 10H), 1.44 (Me, s, 6H). 1.40 (BCX:, s. 9H). 

G. 2-Amino-f^r2-(3a>ben2vl-2-methvt-1.3-dioxo-octahvdro-Dvrrok)r3 
5>vM f RVbenzvtoxvmethvl-2-oxo-ethvn-2"methvl'OroDionamtde. hydrochloride 

The titie compound of part 11-F (180 mg, 0.29 mmol) was deprotected according to 
15 the mettiod described in General Procedure C to give the titile compound of this 
Example 11 (120 mg, 74%): PB MS (M+1)" 521; 'H NMR = 300 MHz (metiianol-cU) 
6: 7.30-7.10 (arom.. series of m, 10H), 1.55 (Me. br s, 6H). 

Example 12 

2>Amino>N41fRVbenzvloxvmethvl-2-(2-ethvM-oxo-4.5,6.8»tetrahv^ 
20 d]Dvrimidin>7-vl)-2'<)xo^thvl1>2-methvt-^)rDDionamide. hydnochloride 




A. 2-Ethvl-5.6.7.8-tetrahvdro-3H-Dvridor3.4-dlDvrimidin-4-one 
7-Benzy^2-ethyl-5,6,7,8-tetrahydro-3Hi)yridop,4-dlpyrimidin-4-^ (270 mg, 1.00 
mmd). prepared by the method of Lazar et al. (J. Hetenacyd. Chem. 1990, 27. 
25 1885), was de-benzylated acconJing to the method described in General Procedure 
D to give the titie compound of part 12-A as a whit powder (160 mg, 89%): PBMS 
(M^-1)* 180; ^H NMR = 300 MHz (methanoki4) 8: 3.70 (-NCHr. s, 2H). 3^0 (-NCHr, 
t, 2H). 2.58 (CJtbMe, t. 2H), 2.48 (-CHrOCO, brt, 2H), 1.25 (Me, t, 3H). 
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B. f141-Benzvloxvmethvl-2'f2-ethvl-4-oxo-4.i5.6.8-tetrahvdro-3H-Pvri 
dlPVrimidirv7-vlV2K)xo-ethvlcafbamovn-1-methvl-ethvlVcarbamic add tert-butvl ester 
According to General Procedure B, the title compound of part 12-A (80 mg, 0.45 
mmol) was coupled to the title compound of part 2-1 (170 mg, 0.450 mmol). and the 

5 product was purified by silica gel chromatography using 0-8% methanol/ 
dichloromethane as eluent to give the title compound of part 12-B (160 mg, 66%): 
PB MS (M+ir 542. (M-99r 442; NMR = 250 MHz (CDCb) 8: 7.21 (arom., m, 
5H), 1.50 (Me. d. 6H), 1.40 (BOC. d. 9H), 1.25 (-CHjChb. d oft. 3H). 

C. 2'Amino-N-f1fRVbenzvloxvmethvl-2'f2-ethvl-4-oxo-4.5.6.8-tetrahvdro-3H- 
10 pvridQp.4<npvrimidin-7-vn-2''Oxo-ethvn-2-methvl-DroDlonamide. hydrochloride 

The title compound of part 12-B (160 mg. 0.300 mmol) was deprotected according 
to the method described in General Procedure C to give the title compound of this 
Example 12 as an off-white powder (100 mg. 70%): PB MS {M+1)' 442; NMR = 
250 MHz (methanol-d4) 6: 7,30 (arom,. m. 5H). 1.58 (Me, s. 6H). 1.40 (CH2CH3. t. 
15 3H). 

Example 13 

2-Amino-r^rifR>-ben2vloxvmethvl-2-f2'ethvM-oxo-3.5.7.8-tetrahvdro-4H-Dvridor4.3- 
dlDvrimidirh6-vn-2-oxO'ethvn-2-methvt-Dropionamide. hydrochloride 




20 A. 6-Benzvl-2-ethyl-5.6.7,8-tetrahvdro-3H-Pvridor4.3-dlPvrimidin-4-one 

To a stirred solution of 1-benzyI-3-carboethoxy-4-piperidone hydrochloride (10 g, 34 
mmol). prepared by the method of Lazar et al. (J. Heterocycl. Chem. 1990, 27, 
1885), in ethanol ^00 mL) was added propylamidine hydrochloride (4.01. mg, 36.9 
mmoO, followed by sodium hydride (2.32 mg, 60% dispersion in mineral oil, 101 

25 mmol). The reaction was heated to about 100 ""C and stirred for about 2 days, then 
cooled to room temperature and stirred for about 1 day. The reaction was 
concentrated m vacuo, and ethyl acetate was added. The mixture was extracted 
once with water, twice with brine, dried over anhydrous magnesium sulfate, filtered 
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and concentrated in vacuo to giv cmde product. Purification by silica gel 
chromatography using 2-10% methanol/dichloromethane as eluent afforded the title 
compound of part 13-A (1.9 g. 21%): PB MS (M+l)" 270; NMR = 250 MHz 
(methanol-d4) 5: 7.32 (arom.. m, 5H). 2.60 (CH2CH3. q, 2H). 1.28 {CH2CH3. t, 3H). 
5 B. 2-Ethvl«5.6.7.8-tetrahvdro-3H-Pvridof4.a-dlDvrimidin-4-one 

The title compound of part 13-A (1.0 g. 3.7 mmoO was de-benzylated according to 
the method described in General Procedure D to give the title compound of part 13- 
B (640 mg, 97%): PB MS (M+1)" 180; 'H NMR = 300 MHz (methanol-d4) 6: 2.60 
(CidzCHa. q, 2H), 1.28 (CH2CH3, t. 3H). 

C. f1-f1-Ben2vloxvmethvl-2-(2-ethvt-4-oxo-3.5.7.8-tetrahvdro-4H-DVridof4.3- 
dlDvrimidin-6-vn-2-oxo-ethvlcarbamovn-1-methv>-ethvlVcarbamic acid tert-butvl ester 
According to General Procedure B, the title compound of part 13-B (140 mg. 0.78 
mmol) was coupled to the title compound of part 2-1 (298 mg, 0.78 mmol), and the 
product was purified by silica gel chromatography using 2-10% 
methanol/dichloromethane as eluent to give the title compound of part 13-C (270 
mg. 64%): PB MS (M+1)* 542, (M.99)* 442; NMR = 300 MHz (methanol-d4) 5: 
7.20 (arom., m, 5H), 1.38 (BOC. s. 9H), 1.31 (Me, s. 6H). 1.27 (-CH2CM3, m, 3H). 

D. 2-Amino-N-rifR)-benzvloxvmethvi-2>(2-ethvl-4>oxa-3.5.7.8-tetrahvdro-4H- 
Pvridof4.3-dlDvrimldin-6-vn-2-oxo-ethvn-2-methvl-Dropionamide. hydrochloride 
The title compound of part 13-C (250 mg. 0.46 mmol) was deprotected according to 
the method described in General Procedure C to give the title compound of this 
Example 13 (200 mg. 91%): PB MS (M+1)* 442; ^H NMR = 250 MHz (methanokU) 
5: 7.28 (arom., m, 5H). 1.60 (Me. s, 6H). 1.40 (CH2CH3. t, 3H). 
The following abbreviations and notations are used in the Tables below. 
Abbreviation: 
Me - methyl 
Et- ethyl 
Ph - phenyl 
Pyr-pyridyl 

A = Mass Spec. Method is APJ 
B = Mass Spec. Method is PB 
C = Mass Spec. Method is ^APel 
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Examples 14- 58 

The compounds of examples 14-58 were synthesized in a manner 
analogous to the procedures described for Examples 3. 3a, 4 and 5. using the 
appropriate starting materials. 



5 




Ex. # 


r' 




R" 


isomer 


MS 


14 


Me 


CHsPh 


OCHjPh 


d2 


623" 


15 


Me 


CHsPh 


OCHjPh 


d1 


522" 


16 


Me 


CHr4-F-Ph 


OCHsPh 


d2 


540*' 


17 


Me 


CH2-4-F>Ph 


OCHsPh 


d1 


540*" 


18 


Me 


CHsPh 


0CHr2-Pyr 


d1.2 


■ 523" 


19 


Me 


CHr3-Pyr 


OCHaPh 


d1.2 


523" 


20 


Me 


CHjPh 


OCHrS-Pyr 


d1,2 


523** 


21 


Me 


CHr2-Pyr 


OCHjPh 


d1.2 


523*^ 


22 


Me 


CHjPh 


2-lndole 


d1.2 


531'' 


23 


Me 


CHjPh 


OCH2-4-Thiazoie 


d1.2 


529'' 


24 


Et 


CHaPh 


OCH2-3.4-di-F-Ph 


d1.2 


572'' 


25 


Me 


CHaPh 


OCHr2,4-dl(CF3)Ph 


d2 


658" 


26 


CFsCHa 


CHr4-CFrPh 


OCHjPh 


d1.2 


657" 


27 


CF3CH2 


CHr4-CFrPh 


2-lndole 


d1.2 


667" 


28 


CF3CH2 


CH2-4-F-Ph 


OCHaPh 


d1.2 


608" 


29 


CF3CH2 


CH2-4.F-Ph 


OCHr2.4-di-F-Ph 


d1.2 


644" 


30 


Me 


CH2-4.F.Ph 


3-lndole 


d1.2 


549" 


31 


Me 


CH2-4-F-Ph 


OCHr2,4-di-F-Ph 


d1,2 


576" 


32 


Me 


H 


3-lndole 


d1.2 


441" 


33 


CF3CH2 


H 


OCHr2.4-di-F-Ph 


d1.2 


468" 


34 


Me 


H 


OCHr2,4-di-F-Ph 


d1.2 


536" 


35 


CF3CH2 


CHr3,4-di-F-Ph 


3-lndole 


d1.2 


635" 
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36 


CF3CH2 


CHr3,4-di-F-Ph 


OCHaPh 


d1.2 


626'' 


37 


CF3CH2 


CHr3.4-di-F-Ph 


OCHr2,4-di-F-Ph 


d1.2 


662'' 


38 


Me 


CHaPh 


OCHr3.4-di-F-Ph 


d2 


558'' 


39 


CF3CH2 


CHa-S-F-Ph 


3>lndole 


d2 


617" 


40 


CF3CH2 


CHr3-F-Ph 


3-lndole 


d1 


617*= 


41 


CFaCHi 


-CHr2-F-Ph 


OCHaPh 


d1.2 


591" 


42 


Me 


CHr2-Pyr 


OCHaPh 


d2 


523*^ 


43 


Me 


H 


OCHaPh 


d1.2 


432" 


44 


CFsCHi 


CHiPh 


OCH2ph 


d2 


590" 


45 


CFaCH, 


CHjPh 


OCHaPh 


d1 


590" 


46 


CF3CH2 


CHr2-Pyr 


0CH2Ph 


d1 


591" 


47 


CF3CH2 


CH2-2-Pyr 


OCH2Ph 


d2 


sgi"" 


48 


CF3CH2 


CH2-3-Pyr 


OCHr2.4-di-F-Ph 


d1.2 


627" 


49 


CF3CH2 


CHz-a-Pyr 


OCHr2-CF3-Ph 


d1.2 


659" 


50 


CF3CH2 


CHr3-Pyr 


0CHr4-CI-Ph 


d1,2 


625" 


51 


CF3CH2 


CHr3.Pyr 


0CHr2-Pyr 


d1.2 


592" 


52 


CF3CH2 


CHr3-Pyr 


OCHi^F-Ph 


d1.2 


609" 


53 


CF3CH2 


CHr3-Pyr 


OCHr2,3-di-F-Ph 


d1.2 


626" 


54 


CF3CH2 


CHr3-Pyr 


0CHr3-Pyr 


d1.2 


592" 


55 


CF3CH2 


CHr2-Pyr 


OCHr2.4-di-F-Ph 


d2 


627" 


56 


CF3CH2 


CH2-2-Pyr 


OCH2-2-CFrPh 


d2 


659" 


57 


CF3CH2 


CHr2-Pyr 


0CHr2-Pyr 


d2 


592 


58 


CF3CH2 


CHr2-Pyr 


OCH2-4-C^Ph 


d2 


625" 
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Examples 59^ 

The comp unds of examples 59-60 were synthesized in a manner 
analogous to the procedures described for Examples 3, 3a, 4 and 5, using the 
appropriate starting materials. 



5 




Ex.# 




R' 


R" 


MS 


59 


Me 


CH2-4-F-Ph 


1-Naphthalene 


586'' 


60 


CF3CH2 


CH2-3.4-di-F-Ph 


1-Naphthalene 


672'' 



Examples 61- 63 

The compounds of examples 61-63 were synthesized in a manner 
analogous to the procedures described for Example 2. using the appropriate 
10 starting materials. 




CP# 


R" 


isomer 


MS 


61 


CX^HjPh 


d2 


SOS** 


62 


OCHjPh 


d1 


508'' 


63 


3-lndole 


d1.2 


517« 
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Exampies 64- 95 

The compounds of examples 64-95 were synthesized in a manner 
analogous to the procedures described for Example 1. using the appropriate 
starting materials. 



5 




Ex.# 




R" 


isomer 


MS 


64 


CHjPh 


CXJHaPh 


d2 


495^ 


65 


CH2Ph 


OCHjPh 


d1 


495^ 


66 


CH2-2-Pyr 


OCHaPh 


d1.2 


495'' 


67 


CHr4-Thiazole 


OCHzPh 


d1.2 


501*^ 


68 


CHr&-Thiazole 


OCHjPh 


d1.2 


502^ 


69 


CHzPh 


OCHr2-Pyr 


d2 


496** 


70 


CHjPh 


CX;Hr2-Pyr 


d1 


496*= 


71 


CH2-4-Pyr 


OCHjPh 


d1,2 


496'' 


72 


CHzPh 


OCHr4-Pyr 


d1.2 


496"^ 


73 


CHjPh 


0CHr2-(Me)Ph 


d2 


509" 


74 


CHjPh 


CX:Hr2-(Me)Ph 


d1 


509" 


75 


CHjPh 


OCHr2.4-di-F-Ph 


d2 


531" 


76 


CHzPh 


OCHr2.4-di-F-Ph 


d1 


531" 


77 


CHiPh 


OCH2-3.Pyr 


d1.2 


496" 


78 


CHiPh 


0CHr3-(Me)Ph 


d2 


509" 


79 


CHzPh 


0CHr3-(Me)Ph 


d1 


509" 


80 


CHr3-Pyr 


CXiHjPh 


d1.2 


496" 


81 


CHiPh 


3-lndole 


d1.2 


504" 


82 


CHzPh 


OCHr4-Thiazole 


d1.2 


502" 


83 


CHr4-(CF3)-Ph 


3-lndole 


d1.2 


572" 


84 


CHr4-(CF3)-Ph 


OCHjPh 


d1.2 


563" 


85 


CHaPh 


OCHr3,S-di(CF3)-Ph 


d2 


631" 
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Ex.# 


r' 


R" 


isomer 


MS 


86 


CHiPh 


OCHr3,5-di(CF3)-Ph 


d1 


631'' 


87 


CHaPh 


CXJHr3.5<li-CI-Ph 


d2 




88 


CHaPh 


OCHr3,5-di-CI-Ph 


d1 


559'' 


89 


CH2-4-F-Ph 


3-lndole 


d1.2 


522'' 


90 


CHr4-F-Ph 


OCHjPh 


d1.2 


SIS'' 


91 


CHr3.4-d»-F.Ph 


OCHr2,4-di-F-Ph 


d1.2 


567" 


92 


CHr3.4-di-F-Ph 


OCHjPh 


d1.2 


531'^ 


93 


CHr3.5-di(CF3)-Ph 


3-lndole 


d1,2 


640'' 


94 


CHrS.MKCFjVPh 


OCHjPh 


d1,2 


641" 


95 


CH2-3.5-di(CF3)-Ph 


OCHr2.4.dl-F-Ph 


d1.2 


667" 



Examples 96-97 

The compounds of examples 96-97 were synthesized in a manner 
analogous to the procedures described for Example 1, using the appropriate 
5 starting materials. 




Ex.# 


r' 


R" 


MS 


96 


CHr4-(CF3)Ph 


1-Naphthalene 


609" 


97 


CHr4-F.ph 


1-Naphthalene 


559" 
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Examples 98-150 

The compounds of examples 98-150 were synth sized in a manner 
analogous to the procedures described for Example 9. using the appropriate 
starting materials. 



5 




Ex.# 






R" 


isomer 


MS 


98 


H 


CHjPh 


OCHjPh 


d2 


510 


99 


H 


CHjPh 


OCHzPh 


d1 


495 


100 


H 


CHjPh 


OCHjPh 


d3 


495 


101 


H 


CHjPh 


3*lndole 


d1 


504*" 


102 


Me 


CHJPh 


3-lndole 


d1 


518*^ 


103 


H 


CH2Ph 


3-lndole 


d3 


503** 


104 


Me 


CHaPh 


3-lndole 


d3 


SIT*' 


105 


H 


H 


OCHsPh 


d1.2 


405'' 


106 


H 


CH2Ph 


3-(N-Me)lndole 


d2 


SIS'* 


107 


H 


CHjPh 


OCH2-2-Pyr 


d2 


496'' 


108 


H 


CHjPh 


S-Thiazole 


dS 


502*= 


109 


H 


CHjPh 


SCHzPh 


d3 


511'' 


110 


H 


CH2-4-Pyr 


OCHjPh 


d1,2,3,4 


496" 


111 


H 


CHiPh 


SCHjPh 


d2 


511" 


112 


Me 


CHr4-Pyr 


OCHjPh 


d1 


510" 


113 


Me 


CHr4-Pyr 


0CH2Ph 


d2 


510" 


114 


H 


CH2-3-Pyr 


OCHjPh 


d1.2 


496* 


115 


H 


CHr3-Pyr 


OCHzPh 


d3.4 


496" 


116 


H 


CHr2-Pyr 


0CH2Ph 


d2 


496" 


117 


H 


CHr2-Pyr 


CX^HaPh 


d3 


496" 


118 


Me 


CHr4-Pyr 


CXJHaPh 


d3 


510" 


119 


Me 


CHr4-Pyr 


OCHsPh 


d4 


510" 


120 


Me 


CHr4-Pyr 


0CHr2-Pyr 


d1.2.3,4 


511" 
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Ex.# 






R" 


isomer 


MS 


121 


Me 


CHr3-Pyr 


OCHjPh 


d1.2.3,4 


510" 


122 


Me 


CHrS-Pyr 


OCHzPh 


d1.2.3,4 


510^ 


123 


Me 


CHr3-Pyr 


OCHzPh 


d1 .2.3,4 


510" 


124 


Me 


CHr4-Pyr 


3-lndole 


d1. 2.3.4 


519" 


125 


H 


CHr4-Pyr 


3-lndole 


d1. 2.3.4 


505" 


126 


H 


CHrS-Thiazole 


0CH2Ph 


d1. 2.3.4 


502" 


127 


H 


CHzCHjPh 


OCHrPh 


d1.2.3.4 


523" 


128 


Me 


CHzCHaPh 


OCHjPh 


d1Z3.4 


537" 


129 


Me 


CHr3-Pyr 


0CHr2-CFrPh 


d1.2 


578" 


130 


Me 


CHr3-Pyr 


0CHr2-CFrPh 


d3 


578" 


131 


Me 


CHr3-Pyr 


0CHr2-CFrPh 


d4 


578" 


132 


Me 


CHr2-Pyr 


(XHiPh 


d2 


510^ 


133 


Me 


CHr2-Pyr 


OCHr2.4-di-F-Ph 


d2 


546'= 


134 


H 


CHr3-Pyr 


OCHr2.4-di-F-Ph 


d1.2. 


532*= 


135 


Me 


CHrS-Pyr 


OCHr2.4-di-F.Ph 


d1,2 


546'^ 


136 


Me 


CHr3-Pyr 


0CHr4-CI-Ph 


d1.2 


544*^ 


137 


Et 


CHr3-Pyr 


OCHjPh 


d1.2 


524'' 


138 


Et 


CHr3-Pyr 


OCHr2,4-di-F-Ph 


d1.2 


560'' 


139 


Et 


CHr3-Pyr 


0CHr4-CI-Ph 


d1.2 


558" 


140 


CHzPh 


H 


OCHjPh 


d1.2 


495" 


141 


CH2Ph 


H 


0CHr2-Pyr 


d1.2 


496" 


142 


CHr2-Pyr 


H 


OCHjPh 


d2 


496" 


143 


CHr2-Pyr 


H 


0CH2Ph 


d1 


496" 


144 


CHr2-Pyr 


H 


OCHr2,4-di.F-Ph 


d2 


CM 


145 


CHr2-Pyr 


H 


OCHr2,4^i-F.Ph 


d1 


532" 


146 


CHr2-Pyr 


H 


0CHr2-CFrPh 


d2 


564" 


147 


CHr2-Pyr 


H 


0CHr2-CFrPh 


d1 


564" 
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148 


H 


CHr3,5-di-CI. 
4-Pyr 


OCHrPh 


d1.2 


564^^ 


149 


H 


CHr3,5-di-C^ 
4-Pyr 


OCHrPh 


d3.4 


564'^ 


150 


CHr2-Pyr 


H 


OCH2-2-Pyr 


d1.2 


497^ 



Examples 151-163 

The compounds of examples 151-163 were synthesized in a manner 
5 analogous to the procedures described for Example 11. using the appropriate 
starting materials. 




Ex.# 


r' 


r' 


R" 


MS 


152 


Me 


H 


OCHzPh 


431" 


153 


Me 


H 


3-lndole 


440" 


154 


H 


H 


3-indole 


426" 


155 


Me 


CHjPh 


OCHjPh 


521" 


156 


Me 


CHzPh 


2-lndole 


530" 


157 


Me 


CHjPh 


OCHr2-Pyr 


522" 


158 


Me 


CHr2-Pyr 


OCH2Ph 


522" 


159 


Me 


CHjPh 


OCH2-2,4-di-F-Ph 


557" 


160 


Me 


CHr2-Pyr 


OCH2-2.4.di.F-Ph 


558" 


161 


Me 


CHaPh 


OCH2-4-Thiazole 


528" 


162 


Me 


CHjPh 


OCHr4-Thiazole 


528' 


163 


Me 


CHr2-Pyr 


0CHz-2-(Me)Ph 


536" 
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Examples 164-171 

The compounds of examples 164-171 wer synth sized in a manner 
analogous to the procedures described for Example 13. using the appropriate 
starting materials. 




Ex# 




R^ 


R" 


MS 


164 


Ph 


H 


OCHjPh 


490" 


165 


Et 


H 


OCHjPh 


442" 


166 


Me 


Me 


OCHjPh 


442" 


167 


Me 


Me 


3-lndole 


451" 


168 


Et 


Me 


0CH2Ph 


456" 


169 


Et 


Me 


3-lnclole 


465" 


170 


Et 


CHjPh 


OCHzPh 


532" 


171 


Et 


CHJPh 


3-indole 


541'* 



Examples 172-176 

The compounds of examples 172-176 were synthesized in a manner 
analogous to the procedures described for Example 7, using the appropriate 
10 starting materials. 




Ex.# 


R» 


R' 


R" 


MS 


172 


Me 


CH2Ph 


OCHjPh 


sor* 


173 


H 


CHaPh 


OCHjPh 


493** 


174 


H 


CHaPh 


OCH2-3-Pyr 


494" 
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Ex# 


r' 


R' 


R" 


MS 


175 


H 


CHjPh 


0CHr2-Pyr 


494" 


176 


H 


CHaPh 


CHaCHjPh 


491" 



Examples 177-178 

The compounds of examples 177-178 were synthesized in a manner 
analogous to the procedures described for Example 8, using the appropriate 
5 starting materials. 




Ex.# 


r' 


R" 


MS 


177 


CHjPh 


CXSHjPh 


494" 


178 


CHaPh 


0CHr2-Pyr 


495'' 



Example 179-187 

The compounds of examples 179-187 were synthesized in a manner 
10 analogous to the procedures described for Example 6, using the appropriate 
starting materials. 




Ex# 


R' 


X 


R" 


isomer 


MS 


179 


CH2-2-F-Ph 


0 


OCHaPh 


d2 


525" 


180 


CHr2-F-Ph 


0 


OCHiPh 


d1 


525" 


181 


CHr4-F-Ph 


0 


OCHsPh 


cl2 


525" 


182 


CHr4-F-Ph 


0 


OCHjPh 


d1 


525" 


183 


CH2-4-F-Ph 


0 


OCHr2.4-di-F>Ph 


62 


561" 
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184 


CHr4-F-Ph 


0 


OCHr2.4-di-F-Ph 


d1 


561^ 


185 


CH2-4-F-Ph 


S 


OCHzPh 


d1,2 


541"= 


186 


CHr2-Pyr 


0 


OCHr2.4-di-F-Ph 


d1,2 


544^ 


187 


CH2-2-Pyr 


0 


OCHzPh 


d1.2 


508'^ 



Examples 188-196 

The compounds of examples 188-196 were synthesized by coupling the 
HET portion to the dipeptidyl portion in a manner analogous to the procedures 
5 described In General Procedure B or Example part 3a-B; the HET portion was 
synthesized in a manner analogous to the method indicated, using the appropriate 
starting materials. 




Ex.# 


HET 


R' 


Method of 
Preparation 

of HET 


MS 


188 


o 


3-lnclole 


Scheme 57 


474 
(TSMS) 


189 




3-lndole 


Scheme 57 


460" 
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Ex.# 


HET 


R" 


M thodof 
Preparation 

of HET 


MS 


190 




o ^Ph 


0CH2Ph 


Scheme 35 


521" 


191 


V 


0 




0CHr2-Pyr 


Example 12 


471" 


192 


P 

Ct 




CX:H2Ph 


Scheme 58 


529^ 


193 


Me 


C 




OCHaPh 


Scheme 27 


557*^ 


194 




Of 


3-lnclole 


Scheme 27 


530'' 


195 


0 

a! 


^1 


OCHaPh 


Scheme 56 


525*= 
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Ex# 


HET 




M thodof 
Pr paration 
of HET 


MS 


196 




OCHjPh 


Scheme 56 


525° 



EXAMPLE 197 

2-Amino-N-rifR)-ben2vloxvmethvl-2-oxo-2>f3-oxo-8afR.SVDvrid 
hexahvdro-imrdazon .5-alDvra2in''7-vlV-ethvn-2-methvl-proDionamide. hydrochloride 




A. 2-Formvl-2-pvridin-2-vlrnethvl-piperazine-1.4-dicarboxvlic acid 1-benzvl ester 
4-tert-biitvl ester 

A solution of the ester of Example 3. Step A (1.4 g, 3 mmol) in CHaCb 
(10 mL) was cooled to -50 X and a 1.0 M solution of OIBAL in CKbCb 
10 (18 mL, 18 mmol) was slowly added. Once the DIBAL addition was complete the 
solution was stirred at -50 X for 1h. The reaction was quenched with MeOH (2 mL) 
and 1 N NaOH (25 mL) was added. The aldehyde was extracted with CH2CI2 (3x 25 
mL). The extracts were combined, washed with brine, dried over MgS04 and 
concentrated to give the aldehyde of Example 197, Step A as a yellow oil (1 .0 g, 
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76%) which was carried on without further purification: +APcl MS (M +1)* 440, (M - 
'Bu + 1)* 384. (M - Boc + 1)* 340; 'H NMR = 400 MHz (CDCI3) 6: 9.51 (br s, 1H), 
4.55 (m, 2H). 1.38 (s, 9H). 

B. 2-rH vdroxvi m!no-methvi>-2-Dvridin-2-vlmethvl-DiDerazine-1 .4-dicarboxvlic add 
5 1 -benzyl ester 4-tert-butvl ester 

A solution of the aldehyde of Example 197. Step A (439 mg, 1 mmol) and 
hydroxylamine hydrochloride (278 mg, 4 mmol) in pyridine (5 mL) was stirred for 12 
h at rt Solvent was removed under reduced pressure and the resulting residue was 
dissolved into chlorofomi (20 mL). washed with saturated NaHCOa and brine 
10 solutions, dried over MgS04 and concentrated to give 462 mg of a cmde yellow oil. 
Purification by flash chromatography (Si02 gel. 3:1 EtOAc:hexane) delivered 342 
mg (75%) of the oxime of Example 197. Step B as a coloriess oil: +APcl MS (M+1)* 
455. (M-'Bu+l)* 399. (M-Boc+1)" 355; 'H NMR = 400 MHz (CDCI3) 6: 8,55 (m, IN), 
5.27 (m, 1H). 4.98 (m. 1H). 1.42 (s, 9H). 

15 C. 3-Oxo-8a-Dvridin-2-vlmethvt-hexahvdrD>imidazori.5-alpvrazine-7>carboxvHc 
add tert-butvl ester 

To a solution of the oxime of Example 197, Step B (342 mg, 0.75 mmol) in EtOH (10 
mL) was added Raney nickel (1 mL of a suspension in water), followed by NaOH 
(150 mg, 3.75 mmol). The mfacture was stirred at room temperature for 2h and 
20 filtered through Celite^ The filtrate was concentrated to afford the urea of Example 
197. Step C as a white solid (534 mg, quantitative crude) which was carried on 
without further purification: +APdMS(M+1)* 333, (M-*Bu+1)* 277, (M-Boc+1)* 
233. 

D. l1-ri(RVBen zvloxvmethvl-2-oxo-2>f3-oxo-8afR.SVDvridin-2-vlmethvl- 
hexahvdrD-imidazor i.S-alDvrazin->7-vn-ettivlcarfaamovlV1-methvl-^thvlV^ 
acid tert-butvl ester 

To a solution of the cojde urea of Example 197, Step C (534 mg) in EtOH (15 mL, 0 
X) was added cone. HCI (1.5 mL). The solution was stin^d at 0 X for 1h and 
concentrated down to provide the deprotected piperazine as a viscous, coloriess oil: 
+ApdMS(M+1)'' 333. 

The residue was dissolved into 15 mL EtOAc and triethylamine (0.2 mL, 1.5 mmoQ 
was added. After stirring for 15 min , the add of Example 2, Step I (380 mg. 
Immol), PPAA (0.32 mL, 1 mmol) and trietiiylamine (0.4 mL, 4 mmol) were added 
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and the mixture was stirred at room temperature for 4h. Water (20 ml) was added 
and the product was extracted with EtOAc (3x 25 mL). Th combined xtracts were 
washed with brine, dried over MgS04 and concentrated to give 612 mg of a crude 
yellow oil. Purification by flash chromatography ( SiOz gel, 9:1 EtOAcEtOH) 
5 delivered 72 mg (16% yield from the oxime) of the compound of Example 197, Step 
D as a 1:1 mixture of diastereomers: +APcl MS (M+1)* 595, (M-Boc+1)* 495; 
NMR = 400 MHz (CDCb) 5: 8.47 (br m. 1H). 5.18 (br m, 1H). 4.85 (br m, 1H). 1.45 
(s. 0.5x3H), 1.44 (s, 0.5x3H), 1.42 (br s. 3H) 1.39 (br s, 9H). 
E. 2-Amino-N-ri(RVbenzvioxvmethvl-2*oxo-2-(3-oxo-8afR.S>-Dvridin-2-vlmethvl- 

10 hexahvdro-imida20f1.5-alPvra2in-7-vlVethvn-2-methvl-DroDionamide. hydrochloride : 
To a solution of the compound of Example 197.Step D (30 mg) In EtOH (5 mL). at 0 
*C was added cone. HCI (0.5 mL). The solution was stin-ed at 0 ''C for 1h and 
concentrated down to deliver 28 mg of the compound of Example 197, Step E: 
+APcl MS (M+1)" 495; 'H NMR = 400 MHz (CD3OD) 8: 8.58 (br m. 1H), 4.58 (br m. 

15 2H). 1,61 (brs.6H). 

EXAMPLE 198 

2-Amino-N-f1fRVbenzvloxvmethvl-2-r8afSW2.4-dif!uoro-benzvlV2>methv>-3-^xo- 

hexahvdro-imidazori.S>alPvrazin-7>vn-2-oxo-ethvlW2>methvl-DrDDiQnamM^ 

hydrochloride 



20 
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A. 3-{2.4*DifluorD-ben2vlV3-formvl-piperazine>1>carboxvlic acid tert-butvl est r 
A solution of ester 3-(2,4-difluoro-benzyl)-piperazine-1,3-dicarboxylic acid 1-tert- 
butyl ester 3-methyl ester, prepared analogously to the compound of Example 2, 
Step A, (1.1 1 g. 3 mmol) in CH2CI2 (10 mL) was cooled to -40 X and a 1.0 M 

5 solution of DIBAL in CH2CI2 (9 mL, 9 mmol) was slowly added. Once the DIBAL 
addition was complete the solution was allowed to stir at -40 ""C for 1h. The reaction 
was quenched with MeOH (2 mL) and 1 N NaOH (25 mL) was added. The 
aldehyde was extracted with CH2CI2 (3x 20 mL). The extracts were combined, 
washed with brine, dried over MgS04 and concentrated to give the compound of 
10 Example 198, Step A as a yellow oil (647 mg, 64%) which was carried on without 
further purification: +APclMS(M+1)* 341.(M-Wl)* 285. (M-Boc+1)* 241; 
NMR = 400 MHz (CDCI3) 6: 9.60 (br s. 1H), 7.10 (m. 1H), 6.78 (m, 2H), 1.41 (s. 9H). 

B. 3'(2.4-Difluoro-benzvlV3-methvlaminomethvl-pipera2ine-1-carboxvlic acid 
tert-butvl ester : 

15 To a solution of the aldehyde of Example 198, Step A (340mg, 1 mmol) in dry DME 
(10 mL) was added about 250 mg MgS04 followed by methyl amine (1 mL of a 2.0 
M solution in MeOH, 2 equiv). The reaction was monitored by MS for the 
consumption of aldehyde and formation of ttie corresponding imine (+APd {M^^^y 
354). Once imine formation was complete. NaOAc (820 mg. 10 mmol) and 

20 NaCNBHs (248 mg, 4 mmol) were added and the mixture was stirred at room 
temperature for 1 h. The mixture was filtered ttirough Celite^ and the filtrate was 
concentrated. The resulting residue was taken up in EtOAc (25 mL) and washed 
with 1 N NaOH and brine solutions, respectively. The organic phase was dried over 
MgS04 and concentrated to deliver the caide amine (306 mg). Purification by flash 

25 chromatography (Si02 gel, 3:1:0.2 EtOAc:Hexane:EtOH) delivered 210 mg (59%) of 
the diamine of Example 198. Step B: +APcl MS (M+1)* 356, (M-*Bu+l)* 300, (M- 
Boc+1)* 256; ^H NMR = 400 MHz (CDCI3) 5: 7.21 (m, 1H). 6.81 (m, 2H). 2.51 (br s, 
3H), 1.42 (s. 9H). 

C. 8a-f2.4-Difluoro-benzvlV2-metiivl-3-oxo»hexahvdro-imidazori.5-alDvra2ine-7- 
30 cartx)xvlic acid tert-butvl ester : 

To a solution of the diamine of Example 198, Step B (178 mg. 0.5 mmol) in CH2CI2 
(5 mL) vras added triethylamine (0.13 mL, 1 mmol) and tiiphosgene (148 mg, 0.5 
mmoO. The resulting solution was stirred at room temperature for 1 h and then 



wo 98/58947 



PCT/IB98/00873 



-174- 

quenched with water (10 mL). Th urea was extracted with CH2CI2, dried over 
MgS04 and concentrated to deliver the caide product (187 mg). Purification by flash 
chromatography (Si02 gel, 1:1, EtOAc:Hexane) delivered 156 mg (82%) of the urea 
of Example 198. Step C: *i-APcl MS (1^1)^ 382, (M-*Bu^1)' 326, (M-Boc^-I)^ 
5 282.3; NMR = 400 MHz (CDCb) 6: 7.24 (m, 1H), 6.81 (m, 2H). 2.67 (br s, 3H). 
1.48 (s. 9H). 

D. M41fRVBenzvloxvmethvU2-r8afSVf2.4-difluoro-benzvl>-2-methvl-3-oxo- 
hexahvdro*imidazori,S-alDvrazin-7-vn-2-oxo-ethvlcart3amoviy-1-methvl-ethvlV 
carbamic acid tert-butvl ester 

10 To a solution of the compound of Example 198, Step C (38 mg, 0.1 mmol) in EtOH 
(2 mL) was added 0.5 mL of cone. HCI at 0 ''C. The solution was stirred for 1h. 
Water (10 mL) was added and the resulting solution was basified to pH 14 with 1 N 
NaOH. The amine was extracted with CH2CI2 (3x10 mL) and the combined extracts 
were dried over MgS04 and concentrated to deliver 27 mg of the urea: +APcl MS 

15 (M+1)* 282. To a solution of the above urea (27 mg, 0.1 mmol) in EtOAc (5 mL) 
was added triethylamine (0.07 mL, 0.5 mmol), PPAA (0.035 mL. 0.1 mmol) and the 
acid of Example 2, Step I (38 mg, 0.1 mmol). The solution was stirred at room 
temperature for 3h. Water (10 mL) was added and the product was extracted with 
EtOAc (3x15 mL). The combined extracts were dried over MgS04 and concentrated 

20 to provide a pale yellow oil. Purification by flash chromatography ( SiOt gel. 3:1 . 
EtOAcrhexanes) delivered 12 mg (19%) of the compound of Example 198. Step D 
(less polar diastereomer ): +APcl MS (M+1)* 644, (M-Boc+I)* 544; NMR = 400 
MHz (CDCI3) 5: 7.26 (m, 6H), 6.91 (m. 2H), 2.63 (s. 3H). 1.38 (s, 9H). 

E. 2-Amino-N41fRVbenzvloxymethvl*248afSW2.4-difluoro-ben2vn-2-methvl»3- 
25 oxo-hexahvdro-imida2ori.5-alDvrazin-7-vn*2-oxo-ethvl>-2-methvl-DroDionamide. 

hvdrochloride 

To a solution of the compound of Example 198. Step D (12 mg) in EtOH (2 mL, 0 
X) was added cone. HCI (0.2 mL). The solution was stirred at 0 **C for 1h and 
concentrated down to deliver 10 mg of Example 198, Step E: MPd MS (M-i-1)^ 
30 544; NMR = 400 MHz (CD3OD) & 7.31 (br m, 6H). 6.83 (m, 2H), 2.59 (br s. 3H), 
1.56 (brs, 6H). 
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EXAMPLE 199 

2-AminO'N41 rm-ri SVpvridirv2-vlmethvl-2-f2.2.2-trifluoro-^ 
hexahvdr(>imidazori.5-alDvrazine-7-^rtx)nvn-4-phenvl-buWIV2«m 
proDionamide. hydrochloride 




A. 2fRVAmino-S-Phenvl-pentanoic add f2rSVhvdroxv-1fSVmethvl-2*Dhenvt- 
ethvlVmethvl«amide : 

A solution of pseudoephedrine glydnamide (1.5 g, 6.75 mmol), prepared and used 
by the method of Myers et al. (J. Am. Chem. Soc. 1997, 119, 656), and UCI (1.71 g, 

10 40.5 mmoi) in THF (30 mL) was cooled to -78 and n-BuLi was added (13.16 
mmol, 5.25 mL of a 2.5 M solution). After stirring for 20 min at -78 ""C, the reaction 
was warmed to 0 ^'C and stined an additional 20 minutes. 3-Phenyl«1- 
bromopropane (1 .3 mL, 7.42 mmol) was added and the reaction was stined for 2h 
at 0 ""C. Aqueous 1 N HCI (50 mL) and EtOAc (50 mL) were added, tiie organic 

15 phase was separated and extracted with 1 N HCI (50 mL). The aqueous extracts 
were combined, cooled in an ice batti and slowly basified to pH 14 with 6 N NaOH. 
The product was extracted with CH2Ci2 (4x 50 mL) and the combined extracts were 
dried over MgS04 and concentrated to give a yellow oiL Purification by flash 
chromatography (Si02 gel. 92:4:4, CH2Cl2:MeOH:triethylamine) delivered 400 mg 

20 (78%) of ttie Product of Example 199, Step A: MPd MS (M-i-1)^ 341; NMR » 
400 MHz (CDCb) 5: 7.38 (m. 10H). 5.26 (m. 1H), 4.15 (m, 1H), 3.86 (m, 1H), 2.36 (s. 
3H). 
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B. 2f RVAmino-5-phenvl-pentanoic acid : 

A solution of th compound of Example 199, Step A (400mg. 1.18 mmol) in water 
(10 mL) was heated to reflux for 20h. The reaction was diluted with water (20 mL) 
and extracted with CH2CI2 (2x 20 mL). The combined organic extracts were back 
5 extracted with water (2x 20 mL) and the combined aqueous extracts were 

concentrated down to a white solid. The solid was triturated with EtOH to remove 
residual pseudoephedrine and deliver Example 199, Step B (135 mg, 60%): MPcl 
MS (M+1)* 194. 

C. 2fRVf2'tert-Butoxvcarbonvlamino-2-methvl-DropionvlaminoV5-phenvl- 
10 pentanoic acid : 

To a solution of the compound of Example 199, Step B (130 mg. 0.67 mmol) in 
dioxane: water (4:1, 5 mL) was added triethylamine (0.28 mL, 2 mmol) and Example 
1 . Step D (201 mg, 0.67 mmol). The mixture was stirred at 45 **C for 16h, diluted 
with EtOAc (20 mL) and water (10 mL) and acidified to pH 2 with HOAc. The 
15 organic phase was collected, washed with saturated NaHCOs and brine solutions, 
dried over MgS04 and concentrated to quantitatively give crude Example 199, Step 
C (298 mg): +APcl MS (M+1)* 379, (M-'Bu+1)* 323. (M-Boc+1)* 279; NMR = 
400 MHz (CDCI3) 5: 7,21 (m, 2H). 7.14 (m, 3H). 4.51(m. 1H), 1.38 (s, 9H). 

D. n-/irRVri.3-Dloxo-8a(SVDVridin-2-vlmethvl-2-G .2.2>trifluoro-ethvlV 

20 hexahvdro-tmida2ori,5-alDvra2ine-7'^rbonvn-4-phenvl-butvlcarbamovlV1-methvl- 
ethvlVcarbamic acid tert-butvl ester 

To a solution of the hydantoin of the Example 3a. Step A (164 mg, 0.5 mmol) in 
EtOAc (5 mL) was added triethylamine (0.35 mL. 2.5 mmoO, PPAA (0.16 mL. 0.5 
mmol) and 16-C (189 mg, O.SmmoQ. The solution was stirred at room temperature 

25 for 2h. Water (10 mL) was added and the product was extracted EtOAc (3x15 
mL). The combined extracts were dried over MgS04 and concentrated to provide 
382 mg of a pale yellow oil. Purification by flash chromatography (SiO: gel. 3:1, 
EtOAc:hexanes) delivered 73 mg of the compound of Example 199. Step D 
(diastereomericallypure): +APcl MS (M+1)^ 689. (M-W1)" 633. (M-Boc^-1)^ 589; 

30 NMR = 400 MHz (CDCb) 5: 8.37 (m, 1H), 4.90 (br m. 3H). 1.50 (s, 3H). 1.48 (s. 
3H),1.38(s. 9H). 
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E. 2-Amino-N-f 1 f RVri ,3-dioxo-8afSVDVridirh2-vlmethvl-2-f2.2.2-trifluorD-ethvlV 
hexahvdrD-imidazori.S-alPvrazin&-7<arbonvn-4-Dhenvt-buWIV2HrT)^^^ 
proDionamide. hydrochloride : 

To a solution of the compound of Example 199. Step D (73 mg) In EtOH (5 mL, 0 
5 **C) was added cone. HCI (0.5 mL). The solution was stirred at 0 ''C for 1h and 
concentrated down to deliver 68 mg of Example 199, Step E: MPcl MS (M+1)^ 
589; NMR = 400 MHz (CD3OD) 6: 8.36 (d. 1H), 4.86 (br m. 3H). 1.44 (s. 3H), 1.42 
(s. 3H). 



10 2>Amino-N-r2'f7afRV3arsVben2vl-2-methvl-3-oxo-octahvdro-pvrrolor3.4-clPvridin-S- 
vn-1-benzvloxvmethvl-2-oxo-ethvn-2-methvl-propionamide. hydrochloride 



A. 1.3-Dibenzvl-4'0xo-piperidine-3-carboxvlic acid methyl ester 

To a solution of 1-ben2yl-4-oxo-piperidine-3-carboxylic acid methyl ester (5.14 g. 

15 20.8 mmol) in DMF (130 mL) at 0 X was added sodium hydride (60% by weight in 
mineral oil. 0.874 g. 21.8 mmol) in four portions over 0.5 h. After stirring at 0 •C for 
an additional 0.5 h. benzyl chloride (2.87 mL. 25.0 mmol) was added and the 
reaction mixture was allowed to stir for 14 h white warming to room temperature. 
The reaction mixture was partitioned between EtOAc and saturated aqueous 

20 sodium bicarbonate solution, the organic layer was removed and the aqueous layer 
was washed four times with EtOAc. The combined organic layers were dried over 
sodium sulfate, filtered and concentrated under vacuum. Purification by silica gel 
chromatography employing 0.5% MeOH/0.2% NH4OH/CH2CI2 as the eluant afforded 
ttie compound of Example 200. Step A as a pale yellow oil (5.89 g): +APcl MS 

25 (M+1)* 338; NMR (400 MHz. CDCh) & 7.09-7.39 (arom. series of m. 10 H). 3.60 



EXAMPLE 200 



Ph 
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(s. 3H), 3.56 (d, 2H), 3.38 (m, 1H). 3.20 (d. 1H). 2.93 (m. 2H). 2.78 (m. 1H). 2.42 (m. 
2H). 2.31 (m,1H). 

B. 1.3-Dibenzvl-4-methoxvmethvtene-DlDeridine-3-carboxvlic add methvl ester 
The material was prepared from the compound of Example 200. Step A (3.56 g, 
5 11.0 mmol) as described in Example 8, Step A, affording the compound of Example 
200, Step B as a pale yellow oil after purification via silica gel chromatography with 
2-8% EtOAc/CHjCh as the eluant (4.02 g): MPcl MS (M+lf 366; NMR (400 
MHz, CDCI3) d: 7.08-7.35 (arom. series of m, 10 H), 5.94 (s, 1H), 3.61 (s, 3H). 3.57 
(s, 3H). 3.05 (d, 1H). 

10 C. LS-DibenzyMj-formvl-piDeridine-S-cartJOxvlic acid methyl ester . 

A solution of the compound of Example 200, Step B (3.02 g. 8.26 mmol) in THF (40 
mL) and 10% aqueous HCI solution (40 mL) was allowed to stir at room temperature 
for 14 h. The solution was adjusted to pH 9 with 5N NaOH and extracted twice with 
CH2CI2. The combined organic layers were washed with a saturated aqueous brine 

15 solution, dried over Na2S04, filtered and concentrated under vacuum. Purification 
by silica gel chromatography employing 3-5% EtOAc/CH2Cl2 as the eluant afforded 
the compound of Example 200. Step C as a mixture of isomers (1.89 g): MPcl MS 
(M+ir 352; NMR (400 MHz. CDCI3) 8: 9.82 and 9.81 (s, 1H). 7.02-7.45 (arom. 
series of m. 10 H). 3.64 and 3.60 (s. 3H). 

20 D. 3a.S-Dibenzvt-2-methvl-octahvdro-Dvrrolor3.4-clDvridin-3-one : 

To a solution of the compound of Example 200, Step C (0.210 g. 0.60 mmol) in 
dichloroethane (5 mL) In a resealable tube was added acetic add (0.188 mL, 3.28 
mmol), methyl amine (2.0 M in MeOH, 1.64 mL, 3.28 mmol) and NaB(0Ac)3H (0.951 
g, 4.48 mmol), the tube was sealed and the reaction mbdure was heated to 70 X 

25 for 30 h. The reaction mixture was partitioned between CHaCb and saturated 
aqueous sodium bicart^onate solution. The organic layer was removed and the 
aqueous layer was washed twice with CH2Ci2, the combined organic layers were 
washed with a saturated aqueous brine solution, dried over Na2S04, filtered and 
concentrated under vacuum. Purification by silica gel chromatography employing 5- 

30 20% EtOAc/CH2Cl2 as the eluant afforded the less polar isomer of Example 200, 
Step D (0.034 g) as well as the more polar isomer (0.046 g). Example 200, Step D 
less polar isomer +APcl MS (M+1)* 335; NMR (400 MHz, CDCI3) 5: 7.03-7.37 
(arom. series of m. 10 H). 3.54 (m, 2H). 3.24 (m. 1H), 2.70 (s, 3H). More polar 
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isomer +APcl MS (M+1)* 335; NMR (400 MHz. CDCb) 5: 7.15-7.33 (arom, series 
of m, 10 H). 3.59 (d, 1H), 3.43 (d. 1H), 2.74 (s, 3H). 

E. 3a-Benzvl-2-methvl-octahvdrc>-Pvrrotof3.4-dPvridin-3-one : 

To a solution of the compound of Example 200. Step 0 (0.034 g. 0.10 mmol) in 
5 acetic acid (18 mL) was added a slurry of palladium on carbon (10% by weight. 
0.030 g) in HaO (2 mL). The reaction mixture was shaken under 50 psig hydrogen 
for 24 h. an additional aliquot of palladium on cartx)n (0.030 g) was introduced and 
the reaction was continued under 50 psig hydrogen for another 24 h. The reaction 
mixture was filtered through a bed of Celite* with the aid of MeOH, concentrated 

10 under vacuum, and the residue was partitioned between CH2CI2 and H2O at pH 9. 
The organic layer was removed and the aqueous layer was washed twice with 
CH2CI2, the organic layers were combined and washed with a saturated aqueous 
brine solution, dried over Na2S04. filtered and concentrated under vacuum. 
Purification by silica gel chromatography employing 3% MeOH/0.2% NH4OH/CH2CI2 

15 as the eluant afforded the compound of Example 200, Step E (0.019 g): MPcl MS 
(M+l)* 245; NMR (400 MHz. CDCI3) S: 7.10-7.24 (arom. series of m. 5 H), 3,21 
(m. 1H).2.71 (s. 3H), 

F. l1-f2-f7afRV3a(SVBenzvl-2'methvl-3^xo-octahvdft)-Pvniolor3.4-clDvridin-5- 
vn-1fRVben2vloxvmethvl-2-oxo-ethvlcarbamovn-1-methvl-ethvlVcari3amic add tert- 

20 butvl ester 

To a solution of the compound of Example 200, Step E (0.019 g, 0.078 mmol), the 
add of Example 2, Step I (0.045 g, 0.12 mmol) and EtsN (0.045 mL, 0.31 mmol) in 
EtOAc (1 mL) at 0 *C was added PPAA (50% solution in EtOAc. 0.093 mL, 0.16 
mmoO. After 24 h of stirring at room temperature, additional 2-1 (0.015 g, 0.039 

25 mmoO and PPAA (0.045 mL, 0.078 mmol) were added and stirring was continued at 
room temperature for 24 h. The reaction mixture was partitioned between EtOAc 
and saturated aqueous sodium bicarbonate solution, the organic layer was removed 
and the aqueous layer was washed twice with EtOAc. The combined organic layers 
were washed with brine, dried over sodium sulfate, filtered and concentrated under 

30 vacuum. Purification by silica gel chromatography employing EtOAc as the eluant 
afforded the less polar isomer of Example 200. Step F (0.005 g), as well as a 
mixture of ttie two isomers (0.028 g). Example 200, Step F less polar isomer MPct 
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WIS (M+ir 607; NMR (400 MHz, CDCI3) 8: 7.03-7.32 (arom, series of m, 10 H). 

5.27 (m. 1H). 4.48 (m, 2H). 2.69 (s. 3H), 1.35 (s. 9H). 

G. 2-Amino>N42>f7afRV3afSVbenzvl-2-methvl-3 >oxo-octahvdro-Dv^^ 

clDvridin-5>vlV1fRVben 2vloxvmethvl-2>oxo^thvlV2-meth^^ 
5 hydrochloride : The compound of Example 200. Step F (0.005 g. 0.009 mmol) was 

deprotected as described in General Procedure C to provide the compound of 

Example 200. Step G as the HCI salt (0.004 g). Example 200, Step G: MPcl MS 

(M+1)* 507; NMR (400 MHz. CD3OD) 8: 7.10-7.32 (arom. series of m, 10 H), 5.23 

(m. 1H), 2.73 (s, 3H), 1,56 (m, 6H). 
10 EXAMPLE 201 

2-Amino-N>r2-f8afS*Vbenzvl-7rS*Vmethvi-6-oxo-hexahvdro-Pvrrolor 1 .2-alDvrazin«2- 

vlV1(RVbenzvloxvmethvl-2-oxo-ethvn-2-methvl-DroDionamide 



A. 3-Benzvl-3-f2-methoxvcart)onvl-vinvlVpiperazine-1>cart>oxvlic acid tert-butvl 
15 ester 

To a THF (1 mL) solution of NaHMDS at 0 X was added trimethy! 
phosphonoacetate (0.18 mU 1.1 mmol), dropwise. After stirring fbr 1 hour, a THF (1 
mL) solution of crude 3-benzyl-3-formyl-piperazine-1-cart)oxylic add tert-bufyi ester 
(0.34 mg, 0.92 mmol), prepared analogous to the compound of Example 198, Step 
20 A, was added and the reaction was allowed to warm to room temperature. After 
stirring for 16 hours, the product was isolated by extraction from water with EtOAc 
(2x) and methylene chloride (2x). The combined extracts were washed with brine, 
dried (MgS04) and concentrated. The product was then purified by silica gel 
chromatography using methylene chloride, then 5% MeOH in methylene chloride as 
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eluents to afford a 7:3 E:Z mixture of olefins of the compound of Example 201, Step 
A (0.38 g. 81%). where the Z Isomer had lactamized: MPcl MS (M+1, ester)^ 361. 
(M-'Bu+l, ester)* 305. (M-'Bu+1. lactam)* 273, (M-BOC+I, ester)* 261. (M-BOC+1, 
lactam)* 229; NMR (400 MHz. CDCb) 5: 7.30-7.05 (arom. series of m, 5 H), 6.91 
5 (lactam olefin, d, 0.3H), 6.75 (ester olefin, d, 0.7H). 6.09 (lactam olefin, d. 0.3H). 
5.88 (ester olefin, d. 0.7H). 3.71 (ester Me. s. 2.1H). 1.47 (BOC. s. 9H). 

B. 3-Benzvl-3-f2-methoxvcarbonvl-ethvlVpiDera2ine'1-cart)oxvlic acid tert-butvl 
ester 

A methanolic solution of the compound of Example 201, Step A was hydrogenated 
10 (40 psi) in a Parr shaker over 10% Pd-C (35 mg). After 17 hours, the reaction was 
filtered through a pad of Celite* and then concentrated to give yellowish solid of the 
compound of the compound of Example 201. Step B (153 mg. 90%) which was a 
1:2 mixture of ester and lactam: +APcl MS (M+1. ester)" 363. (M+1. lactam)* 331; 
NMR (400 MHz, CDCI3) 6: 7.25-7.05 (arom. series of m, 5 H). 3.54 (ester Me, s. 1H). 
15 1.44 (lactam BOC, s. 6H) . 1.37 (ester BOC. s. 3H). 

C. 8a>Benzvl-6'Oxo>hexahvdro-pvrrolof1.2-alDvrazlne-2-cari30xvlic add tert* 
butyl ester 

To a methanolic (4 mL) solution of the compound of Example 201. Step B was 
added solid K2CO3. The mixture was refluxed for 30 minutes, then concentrated and 
20 extracted from saturated aqueous NH4CI with methylene chloride to give lactam of 
Example 201. Step C as a yellowish solid (70.6 mg. 50%): -i-APcl MS (M*«-1)* 331, 
(M-*Bu+1)* 275. (M-BOC+1)* 231; 'H NMR (400 MHz. CDCb) 5: 7.30-7.05 (arom, 
series of m. 5 H). 4.06 (d. 1H) . 3.06 (d. 1H). 2.67 (d. 1H), 2.07 (m, 2H). 1.49 (BOC, 
S.6H). 

25 D. 8afS*VBen2:vl-7fS*Vmethvl-6-oxo-hexahvdro-Dvrrolori.2-alPvrazine-2- 
carijoxvlic add tert-butvl ester 

To a THF (0.4mL) solution of lithium diisopropylamide (2.0 mmol) at-78'*C was 
added the compound of Example 201, Step C (192 mg. 0.58 mmol) in 1,2- 
dimethoxyethane (3 mL). After 20 minutes, methyl iodide (0.36 mL. 5.8 mmol) was 
30 added dropwise and the reaction was stirred an additional 1 hour. The reaction was 
quenched at -78'C with brine, and the reaction was then extracted with EtOAc (3x), 
dried (MgS04). and concentrated. The product was then purified by silica gel 
chromatography using 7:3 to 1:1 hexanes/EtOAc as eluents to afford the dimethyl 
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lactam (78 mg, 37%), 8a-benzyl-7,7-dimethyl-6-oxo-he}(ahydro-pyrrolo[1,2- 
a]pyrazine-2-carboxylic acid tert-butyl est r, the (R*,S*) methyl lactam (68 mg, 34%), 
followed by the (S*,S*) methyl lactam of Example 201, Step D (58 mg, 29%). 
Dimethyl lactam: +APcl MS (M+1)* 359, (M-'Bu+1)* 303, (M-BOC+1)* 259; NMR 
5 (400 MHz, CDCI3) S: 7.30-7.10 (arom, series of m, 5 H), 3.18 (td, 1H), 3.0 (d, 1H), 
2.0 (d, 1H). 1.49 (BOC, s. 9H), 1.13 (Me, s, 3H). 0.66 (Me, br s. 3H). (R*,S*) lactam: 
+APcl MS (M+1)* 345. (M-'Bu+1)* 289, (M-BOC+1)* 245; 'H NMR (400 MHz, CDCI3) 
5: 7.30-7.05 (arom, series of m, 5 H), 3.04 (d, 1H), 2.66 (d, 1H), 2.31 (dd, 1H), 1.49 
(BOC, s. 9H), 1.99 (Me. d, 3H). The (S*. S*) lactam of Example 201, Step D: +APcl 
10 MS (M+1)* 345. (M-Bu+1)* 289, (M-BOC+1)* 245; 'H NMR (400 MHz, CDCI3) 5: 
7.30-7.05 (arom, series of m, 5 H), 2.97 (d, 1H), 2.81 (d, 1H), 2.40 (m, 1H), 1.48 
(BOC, s, 9H). 0.73 (Me, br s. 3H). 

E. l1-r2-fflafS*VBenzvl-7rs*>-methvl-6-oxo-hexahvdro-pvrrolori.2-alDvrazin-2- 
vD-1fRVben2vloxvmethvl-2-oxo-ethvlcafbamovn-1-methvl-ethvn-cafbamic add tert- 
15 butvl ester 

The compound of Example 201. Step D (58 mg, 0.17 mmol) was deprotected as 
described in General Procedure 0 to provide the secondary amine as the HCI salt 
•i-APcl MS (M+1)* 245; ^H NMR (400 MHz, CDsOD) d: 7.15-7.35 (arom, series of m. 
5 H), 4.26 (dd. 1H). 3.17 (d. 1H). 2.78 (d. 1H) . 2.02 (dd. 1H) , 1.76 (dd. 1H). 0.46 
20 (Me, d, 3H). 

To a solution of the crude amine, the acid of Example 2. Step I (96 mg. 0.25 mmol) 
and E^N (0.16 mL, 1.2 mmoQ in EtOAc (1 mL) at 0 *C was added PPAA (50% 
solution in EtOAc, 0.16 mL. 0.27 mmoO. After 16 h of stirring at room temperature, 
the reaction mixture was extracted from saturated aqueous sodium btcart)onate with 

25 EtOAc, and the combined extracts dried (MgS04) and concentrated. Purification by 
silica gel chromatography employing 7:3 EtOAc/hexanes, then EtOAc, then 19:1 
EtOAc/MeOH as eluants afforded the less polar isomer of Example 201 , Step E (29 
mg. 28%), the more polar isomer (41 mg. 40%), as well as some mixed fractions. 
Less polar isomer of Example 201 , Step E: +APcl MS (M+1)* 607. (M-BOC+1)* 507; 

30 ^H NMR (400 MHz. CDCI3) 5: 7.35-6.80 (arom, series of m, 10 H). 4.68 (d, 1H), 4.47 
(AB„ 2H), 2.63 (d, 1H), 0.91 (Me, m, 1.5H), 0.63 (Me, d, 1.5H). More polar isomer 
+APCI MS (M+1)* 607. (M-BOC+1)* 507; 'H NMR (400 MHz. CDCIj) 6: 7.70-6.85 
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(arom, s ries of m, 10 H). 4.65 (d. 1H) , 4.50 (VjAbq. 1H) , 4.41 (VjAb,. 1H), 2.86 (d, 

1H). 2.59 (d. 1H), 0.87 (Me, m. 1.5H). 0.63 (Me. d. 1.5H). 

F. 2-AmlnQ-N-r2-f8afS*Vben2vl-7ffi*Vmemvl-6-oxo-hexahvdfc>-Dvrrolo^ 

alDvrazin>2-vlVimVben2vloxNmiemvl-2-oxo-ethvlV2-me 
5 The compound of Example 201 , Step E (29 mg. 0.048 mmol) was deprotected as 

described in General Procedure C to provide, after trituration with ether, the 

compound of Example 201. Step F as its HCI salt (23 mg. 88%): +APcl MS (M+l)* 

507; NMR (400 MHz. CD3OD) 5: 7.40-6.90 (arom, series of m. 10 H). 4.59 (d, 

1H). 4.54 (s, 2H), 4.04 (d, 1H), 2.71 (d. 1H). 2.57 (d. 1H). 
10 EXAMPLE 202 

2-Amino-N41(RVbenzvloxvmethvl-2-oxo-2-f6-oxo-8a'Pvridin-2-vlmethvl-hexahvdro- 

pvrrolof1.2-alDvrazin-2-vlVethvn-2-methvl-DroDionamide 



A. 8-Hvdn3xV'^xo-8a-Dvridin-2*vlmethvl4iexahvdfD-Dvrrolori.2-a1ovrazin 

15 cartx)xvlic acid tert-butvl ester 

To a 0 •C methanollc (5 mL) solution of 6.8-dioxo-8a-pyridin-2ylmethyl-hexahydro- 
pyrroloI1,2-a]pyrazine-2-carboxy!ic add tert-butyl ester (203 mg, 0.59 mmol). 
prepared analogously to the compound of Example 6, Step D but used cmde, small 
portions of sodium borohydride were added until TLC indicated starting material was 

20 consumed.The reaction was ttien quenched with water, and then extracted from 
saturated aqueous NaHCOa with EtOAc. The combined extracts were washed with 
brine, dried (MgSO^). and concentrated. Purification by silica gel chromatography 
employing 3:7 then 2:1 EtOAc/hexanes as eluants afforded ttie alcohol of Example 
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202. Step A (95 mg, 38%): +APcl MS 348. (M-'Bu+l)* 292; NMR (400 

MHz. CDCI3) 6: 8.45 (arom. d. 1H), 7.70-7.07 (arom. series of m. 3H). 4.00, (dd. 1H). 
3.28 (ABq. 2H). 2.64 (dd, 1H), 1.40 (BOC, s, 9H). 

B. 6-OxO'8a-Dvridin-2-vlmethvl-3.4.6.8a-tetrahvdrD-1 H-Dvrroton .2>alDvrazine-2- 
5 carfaoxvlic add tert-butvl ester 

To a solution of the compound of Example 202, Step A (240 mg, 0.69 mmoO and 
triethylamine (0.29 mL. 2.1 mmol) at 0 *C In methylene chloride (10 mL) was added 
methanesulfonyl chloride (0.11 mL. 14 mmol), dropwise. After stirring 18 hours, the 
sovent was removed under vacuum and was replaced with toluene (15 mL). 1,8- 

10 diazabicyclo[5.4.0]undec-7-ene (0.5 mL. 3.3 mmol) was added, and the reaction 
was heated for 4 hours at 100 "C. The material was extracted from water with 
EtOAc. and the combined extracts were dried (MgS04) and concentrated. 
Purification by silica gel chromatography employing chloroform then 19:1 
chlorofomi/MeOH as eluants afforded the compound of Example 202, Step B (147 

15 mg. 65%): +APcl MS (M+1)* 330. (M-'Bu+1)* 274; NMR (400 MHz, CDCI3) 8: 8.43 
(arom, d. 1H), 7.55-6.90 (series of m, 4H), 6.00. (olefin, d. 1H), 3.09 (d, 1H). 1.42 
(BOC, s, 9H). 

C. 6-Oxo-8a-pyridin-2-vlmethvl-hexahvdro>Dvniolori.2-alDvrazine-2-cartx)xvlic 
add tert-butvl ester 

20 To a -78 solution of the compound of Example 202, Step B In THF (15 mL) was 
added lithium tri-seo-butylborohydride (1 M in THF. 1.44 mL), the reaction was 
stirred 10 minutes and then allowed to warm to room temperature. After 4 hours, the 
reaction was extracted from saturated aqueous NaHCOs with EtOAa The combined 
extracts were washed with brine, dried (MgS04). and concentrated to afford the 

25 compound of Example 202. Step C (320 mg. quantitative): +APcl MS (M+1)* 332, 
(M-*Bu+1)^ 276; 'H NMR (400 MHz. CDCb) 6: 8.40 (arom, m, 1H), 7.55 (arom, m. 
1H), 7.15.7.00 (series of m. 2H). 3.99 (br d. 1H), 2.85 (d, 1H), 1.43 (BOC, s. 9H). 

D. 8a-Pvridin-2-vlmethvi-hexahvdro-Dvrrolori.2-alDvrazin-6-one : 

The compound of Example 202, Step C (11 mg, 0.033 mmol) was deprotected as 
30 described in General Procedure C to provide the secondary amine of Example 202. 
Step D as the HCI salt (9 mg. quantitative): +APcl MS (M+1)* 232; ^H NMR (400 
MHz. CD30D)5: 8.87 (arom, d. 1H), 8.59 (arom. t. 1H). 8.06 (arom. t. 1H), 7.96 
(arom. d, 1H), 4.32 (dd. 1H), 3.94 (d, 1H), 3.74 (d, 1H), 1.59 (m. 1H). 
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E. f 1-ri (RVBen2vloxvmethvl>2-ox<>-2-r6-oxQ-8a-Pvriditv2-vlmethvl-h xahvdro- 
DvrrDlori.2-alPvra2in-2-vn-ethvlcart)amovn-1-m thvl-ethvlVcarfaamic acid tert-butvl 
ester . 

To a solution of the compound of Example 202. Step D (330 mg. 1.54 mmol), the 
5 add of Example 2, Step I (785 mg. 2.1 mmol) and EtaN (1.1 mL. 7.7 mmol) in EtOAc 
(10 mL) at 0 •C was added PPAA (50% solution in EtOAc, 0.88 mL. 2.10 mmol). 
After 2 h. the reaction mixture was extracted from saturated aqueous sodium 
bicarbonate with EtOAc, and the combined extracts washed with brine, dried 
(MgS04) and concentrated. Purification by silica gel chromatography employing 
10 EtOAc, then 19:1 EtOAc/MeOH as etuants afforded the compound of Example 202, 
Step E (250 mg, 29%) as a 1:1 mixture of diasteremers: +APcl MS (M+1)* 594, (M- 
BOC+1)" 494. 

F. 2'Amino-N'rifR)-ben2vloxvmethvl-2-oxo-2-(6-oxO"8a'Pvridin-2-vlmethvl- 
hexahvdro-Pvrrolori.2-alDvrazin-2-vl>-ethvn-2-methvl-Dropionamide : 

15 Compound of Example 202, Step E (12 mg, 0.020 mmoO was deprotected as 
described in General Procedure C to provide, after trituration with ether, Example 
202, Step F as its HCI salt (5 mg, 50%): MPcl MS (M+l)^ 494; NMR (400 MHz. 
CD3OD) 5: 8.90-7.15 (arom, series of m, 9 H), 5.31 (m, 0.5H), 5.15 (m, 0.5H). 2.86 
(d. 0.5H), 2.77 (d, 0.5H). 1.60 (Me. m, 6H). 

20 EXAMPLE 203 

2-Amino-N-(1fRVbenrvloxvmethvl-2-r8afSW4-fluoro-benzvn-7.7<limethvl^.»^ 
hexahvdro-Dvrrolori.2-alDvra2in-2-vn-2-oxo-ethvlV2-methvl-propionamide 
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A. 8a-f4-FluorD-benzvlV7.7-dimethvl-6.8>dioxo>hexahvdro-PviTDiori.2- 
alDvrazine-2-carboxvlic add tert-butvl ester 

To a DMSO (2 mL) solution of the compound of Example 6, Step D was added NaH 
(60% dispersion in mineral oil. 33 mg, 0.83 mmoO was added methyl iodide (0.017 
5 mL, 0.28 mmol), the mixture was stirred for 1 hour, and then an additional portion of 
methyl iodide (0.017 mL. 0.28 mmol) was added. After stirring 3 days, the reaction 
mixture was extracted from saturated aqueous sodium bicarbonate with EtOAc, and 
the combined extracts washed with brine, dried (MgS04) and concentrated. 
Purification by silica gel chromatography employing hexanes, then 1:1 
10 EtOAc/hexanes as eluants afforded the compound of Example 203, Step A (20 mg. 
29%): +APcl MS (M-*Bu+1)* 335, (M-BOC+1)" 291; 'H NMR (400 MHz, CDCI3) S: 
6.93 (arom. m. 4 H). 4.40 (dd, 1H). 1.50 (BOC. s, 9H). 1.13 (Me. s. 3H). 0.26 (Me. s. 
3H). 

B. 8a-(4-Fluoro-benzvfV7.7'dimethvt-tetrahvdro-pvmolori.2-alPvra2ine-6.8> 
15 dione : 

The compound of Example 203, Step A (20 mg, 0.061 mmoO was deprotected as 
described in General Procedure C to provide the secondary amine of Example 203, 
Step B as the HCI salt (17 mg, 85%): +APcl MS (M+1)* 291; NMR (400 MHz, 
CDaOD) 6: 7.04 (arom. m. 4 H), 4.56 (dd, 1H). 3.50 (d. 1H), 3.07 (d, 1H), 1.16 (Me. 
20 s, 3H). 0.16 (Me, s, 3H). 

C. M41fRVBen2vloxvnrieth v|-2-r8a(SVr4-fluorD-ben2vlV7.7-<fimethvl-^ 
hexahvdro-Dvrrol ori.2-alDvrazln-2-vn-2H>xo-^thvlcart3amovlV-1-methvl-ethvn^ 
carbamic add tert-butvl ester 

To a solution of the compound of Example 203. Step B (17 mg. 0.052 mmol), the 
25 add of Example 2, Step I (24 mg, 0.062 mmol) and EtaN (0.036 mL. 0.26 mmol) in 
EtOAc (0.5 mL) at 0 "C was added PPAA (50% solution in EtOAc. 0.88 mL, 2.10 
mmol). After 3 h, the reaction mixture was extracted from saturated aqueous 
sodium bicarbonate with EtOAc, and the combined extracts washed with brine, dried 
(MgS04) and concentrated. Purification by silica gel chromatography employing 
30 hexanes, then 1:1 EtOAc/hexanes as eluants afforded the less polar isomer of 
Example 203, Step C (4 mg, 28%) followed by the more polar isomer (6 mg. 43%). 
Less polar isomer of Example 203, Step C: +APd MS (M-BOC+1)* 553; NMR 
(400 MHz, CDCI3) 6: 7.40-6.80 (arom, series of m, 9H). 4.85 (d. 1H), 4.47 (Ab„ 2H), 
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2.51 (d, 1H). 1.12 (M , s, 3H), 0.24 (Me. s. 3H). More polar isomer. +APcl MS (M- 
BOC-i-ir 553; 'H NMR (400 MHz. CDCb) S: 7.35-6.50 (arom. s ri s of m, 9H). 4.85 
(d. 1H) , 4.55 (VjAbq. 1H) , 4.42 (VjAb,. 1H). 2.87 (d. 1H), 2.45 (d. 1H). 1.08 (Me. s. 
3H), 0.15 (Me, s, 3H). 
5 D. 2-Amirio>N-f1fRVben2vloxvmethvt-24earSW4-fluofD-berizvlV77^^ 
6,8Klioxo-hexahvdrD-Pvrrolori.2>alDvrazin-2-vn-2>oxo-ethvtV2-^ 
The compound of Example 203. Step C (4 mg, 0.006 mmol) was deprotected as 
described in General Procedure C to provide, after trituration with ether, the 
compound of Example 201, Step F as its HCI salt (3 mg, 83%): MPcl MS (M+1f 
10 553; NMR (400 MHz, CD3OD) 8: 7.40-6.90 (arom, series of m. 9 H). 5.16 (t, 1H). 
4.69 (d, 1H). 4.54 (s, 2H). 2.85 (t. 1H), 1.56 (ala Me. s. 6H), 1.12 (Me. s, 3H), 0.20 
(Me. s, 3H). 

The following abbreviations and notations are used in the Tables below. 
Abbreviation: 
15 Me -methyl 
Et- ethyl 
Ph - phenyl 
Pyr-pyridyl 
c-Pr-cyclopropyl 

20 

A = Mass Spec. Method is 'APcl 
B ~ Mass Spec. Method is PB 
C s Mass Spec. Method is ^APcl 



25 EXAMPLES 204-206 

The compounds of examples 204-206 were synthesized in a manner 
analogous to the procedures described for Example 9 using the appropriate starting 
materials. 



wo 98/58947 



PCT/IB98/00873 



-188- 




Example 


R» 


R' 


R" 


isomer 


MS 


204 


Me 


CH2-2-Pyr 


OCHjPh 


CI1.2 


510= 


205 


Et 


CHr2-Pyr 


OCHaPh 


d1.2 


524= 


206 


Et 


CHr2-Pyr 


OCHjPh 


d3,4 


524* 



5 EXAMPLES 207-230 

The compounds of examples 207-230 were synthesized in a manner 
analogous to procedures described for Example 200 using the appropriate starting 
materials. 



y Me 
R' R" isomer MS 



Example 


R' 


R' 


R" 


isomer 


MS 


207 


Me 


CHjPh 


OCHzPh 


d1 


507= 


208 


Me 


CHaPh 


OCHjPh 


d2 


507* 


209 


Me 


CHaPh 


OCHzPh 


d4 


507= 


210 


Me 


CHaPh 


OCHjPh 


d3,4 


SOT*' 


211 


c-Pr 


CHaPh 


OCIHsPh 


d1,2 


533^ 
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212 


c-Pr 


CHjPh 


0CH2Ph 


d3 


533*= 


213 


o-Pr 


CHjPh 


0CH2Ph 


d3,4 


533'' 


214 


Et 


CH2Ph 


0CH2Ph 


d1.2 


521'' 


215 


Et 


CH2Ph 


OCHiPh 


d3.4 


521" 


216 


Me 


CH2-4-F-Ph 


0CH2Ph 


d3,4 


525*= 


. 217 


Me 


CH2-4-F-Ph 


0CH2Ph 


d1,2 


525" 


218 


CF3CH2 


CHjPh 


0CH2Ph 


d3 


575" 


219 


CF3CH2 


CH2-4-F-Ph 


0CH2Ph 


d3.4 


593" 


220 


CF3CH2 


CH2Ph 


0CH2Ph 


d4 


575" 


221 


CF3CH2 


CH2-4-F-Ph 


OCHzPh 


d1.2 


593" 


222 


CF3CH2 


CH2Ph 


0CH2Ph 


d1.2 


575" 


223 


Et 


CH2-4-F-Ph 


0CH2Ph 


d1.2 


539" 


224 


Et 


CHr4-F-Ph 


OCHaPh 


d3 


539" 


225 


Et 


CHr4-F-Ph 


0CH2Ph 


d4 


539" 


226 


Bn 


CH2-4-F-Ph 


0CH2Ph 


d1.2.3.4 


601" 


227 


Me 


CHr2-Pyr 


0CH2Ph 


d1.2 


508" 


228 


Et 


CHr2-Pyr 


OCHzPh 


d1.2 


522" 


229 


H 


CH2Ph 


OCHjPh 


d1.2 


493" 


230 


H 


CH2Ph 


OCHjPh 


d3,4 


493° 



EXAMPLE 231 

The compound of Example 231 was synthesized in a manner analogous to 
procedures described for Example 203 using the appropriate starting materials. 
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EXAMPLES 232-238 
Th compounds of examples 232-238 were synthesized in a manner 
analogous to procedures described for Examples 201 and 202 using the 
appropriate starting materials. 



5 




Example 


R* 


R' 


R' 


R" 


isomer 


MS 


232 


H 


H 


CHjPh 


OCHjPh 


d1 


493® 


233 


H 


H 


CHaPh 


OCHaPh 


d2 


493° 


234 


H 


Me 


CHaPh 


OCHaPh 


d2 


507^ 


235 


H 


Me 


CHaPh 


OCHaPh 


cl3 


507° 


236 


H 


Me 


CHjPh 


OCHaPh 


d4 


507° 


237 


Me 


Me 


CHaPh 


OCHaPh 


d1 


521° 


238 


Me 


Me 


CHzPh 


OCHzPh 


62 


521° 



EXAMPLES 239-240 
The compounds of Examples 239-240 were synthesized in a manner 
analogous to procedures descrit>ed for Example 199 using the appropriate starting 
10 materials. 
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ExampI 


R' 


R' 


R" 


isomer 


MS 


239 


CF3CH2 


CHr2-Pyr 


CH=CH-2.4-di.F-Ph 


d1 


622'^ 


240 


CFjCHj 


CHr2-Pyr 


CH=CH-4-CI-Ph 


d1 


620*^ 



EXAMPLES 241-251 
The compounds of Examples 241-251 were synthesized in a manner 
5 analogous to procedures described for Examples 2, 197 and 198 using the 
appropriate starting materials. 




Example 




R' 


R" 


isomer 


MS 


241 


CF3CH2 


CH2-2.4-di-F-Ph 


OCHjPh 


d1.2 


612*^ 


242 


CHjPh 


CHz-2,4-di-F-Ph 


OCHjPh 


d1 


620** 


243 


CHjPh 


CH2-2.4Kli-F-Ph 


CXIHjPh 


d2 


620® 


244 


CF3CH2 


CHjPh 


OCHjPh 


d1 




245 


CFaCHa 


CHjPh 


OCHjPh 


d2 


576*' 


246 


CFsCHj 


CH2-2-Pyr 


OCHjPh 


d1 


577« 


247 


CH2Ph 


CHjPh 


OCHjPh 


d1 


584*' 


248 


CHjPh 


CHjPh 


CX)H2Ph 


d2 


S84« 


249 


Me 


CHr2.Pyr 


OCHzPh 


d1,2 


509*^ 


250 


Et 


CH2-2-Pyr 


0CH2Ph 


d1.2 


523" 


251 


Bn 


CHr2-Pyr 


OCHjPh 


d1.2 


585*' 
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PRODUCT CLAIMS 



1 . A compound of the formula 

R* O r' 

O X* 

I 

or a stereoisomeric mixture thereof, •diastereotnerically enriched, diastereomerically 
pure, enantiomerically enriched or enantiomericaUy pure isomer thereof, or a 
prodrug of such compound, mixture or isomer thereof, or a pharmaceuticaliy 
acceptable salt of the compound, mixture, isomer or prodrug, 
wherein 

HET is a heterocyclic moiety selected from the group consisting of 





d isO. 1 or 2; 
e is 1 or 2; 

A is a divalent radical, where the left hand side of the radical as shown below is 

connected to C" and the right hand side of the radical as shown below is connected 

to C, selected from the group consisting of 

-NR*-C(0).NR*-. 

-NR^S(0)rNR'-. 

-0-C(0>NR*-, 

-NR*-C(0)-0-, 
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-C(0)-NR^-C(0)-. 

-C(0)-NR*-C(R'r"V. 
-C(R'R'VNR'-C(0)-. 

-c(r'r'Vc(R'r'Vc(r'r'V. 

-S(0)rC(R'R'VC(R'R^V. 
-C(R^R'V0-C(0)-. 
-C(R''r"VO-C(R'r"*)-. 
-NR*-C(0)-C(R'R'°)-. 

-ck;(0)-C{R'r"V. 

-C(R'R'VC(0)-NR^. 

-C(0)-NR^-C(0)-. 

-C(R'r'VC(0)-0-. 

-C(0)-NR^-C(R'R'°)-C(R^R'°)-. 
-C(0)-0-C(R'R'°)-. 

-C(R'r'VC(R''R'°)-C(R'R'°)-C(R'R'°)-. 

-S(0)rNR^C(R^R'°)-C(R^R"*)-. 

-C(R'R'VC(R*R'°)-N R^-C(O)-. 

-C(R®R'VC(R'R'°)-0-C(0)-. 

-NR^C(0)-C(R^R'°)-C(R^R'°)-. 

-NR^S(0)rC(R'R'VC(R'R'V. 

-o-C(0)-c(r'r'Vc(r^r'V. 

-C(R*R'VC(R'*R'°)-C(0)-NR^-. 

-C(R'R"VC(R'R'°)-C(0)-. 

-C(R*R'VnR*-C(0)-0-. 

-C{R'R'°)-0-C(0)-NR^ 

-C(R''r"VnR'-C(0)-NR'-. 

-NR'.C(0)-0-C(R'R"V. 

-NR^C(0)-NR*-C(R'r'°)-. 

-NR^S{0)2-NR^-C(R^R''V. 

-0-C(0)-NR^-C(R'R'°)-. 

-C(0)-N=C(R")-NR^-. 

-C(0)-NR^-C(R")=N-. 
-C(R''r"VNR"-C(R'R'°)-. 

-nr^-ccr'r'V. 
-nr".c(r'^''Vc(R'R'°)-. 
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-C(0)-0-C(R'r'°)-C(R'R'V. 
-NR*-C(R")=N-C(0)-. 

-c(r'r'°)-c(R'r'Vn(R")-. 

-C(R'R'°)-NR"-. 

.N=C(R")-NR'-C(0)-. 

-C(R'R"VC(R'R"VNR'-S(0)r. 

-C(R'R'°)-C(R''R'°)-S{0)rNR*-. 

-C(R'R"^-C(R'R'°)-C(0)-0-. 

-C{R'R'°)-S(0)rC(R''R'°)-. 

.C{R'R'VC(R'R'°)-S(0)2-. 

-0-C{R'R'°)-C(R'r'°)-. 

-C(R^R'°)-C(R'r"VO-. 

-C(R'R'°)-C(0)-C{R^R'°)-. 

-C(0}-C(R'R'°)-C(R''R'°)- and 

-C(R^R'°)-NR'-S(0)2-NR^-; 

Q is a covalent bond or CH2; 

W is CH or N; 

X is CR®R'°. C=CH2 orC=0; 
Y is CR'R'°, O or NR^ 
2 is C=0. C=S or S(0)2: 

G' is hydrogen, halo, hydroxy, nitro, amino, cyano, phenyl, carboxyl, -CONH2, -(Ci- 
C4)all<yi optionally independently substituted with one or more phenyl, one or more 
halogens or one or more hydroxy groups. -{Ci-C4)alkoxy optionally independently 
substituted with one or more phenyl, one or more halogens or one or more hydroxy 
groups, -(CrC4)alkylthio. phenoxy, -COO(Ci-C4)aIkyl, N.N-di-(Ci-C4)a!kylamino. 
-(C2-C6)alkenyl optionally independently substituted with one or more phenyl, one or 
more halogens or one or more hydroxy groups, -(C2-C6)alkynyl optonally 
independently substituted with one or more phenyl, one or more halogens or one or 
more hydroxy groups, -(CrC6)cycloalkyl optionally independently substituted with 
one or more (Ci-C4)alkyl groups, one or more halogens or one or more hydroxy 
groups, -(Ci-C4)alkylamino carbonyl or di-(CrC4)aIkylamino carbonyl; 

and are each independently selected from the group consisting of hydrogen, 
halo, hydroxy, -(CrC4)alkyl optionally independently substituted with one to three 
halo groups and -(CrC4)alkoxy optionally independently substituted with one to 
three halo groups; 
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R' is hydrogen. -CN. -(CH2),N(X•^C(0)X^ -(CH2),N(X^C(0)(CH2)pA\ 
-(CH2),N(X*)S(0)2(CH2)^A^-(CH2),N(X'^S(0)2X^ -{CH2),N(X*)C(0)N(X'^(CH2)rA\ 
-(CH2),N(X'^C(0)N(X'^(X^. -(CH2),C(0)N(X^(X^ -(CH2),C(0)N(X^(CH2)rA\ 
-(CH2),C(0)0X^ -{CH2),C(0)0(CH2)rA\ -(CH2),0X'. -{CH2)qOC(0)X*. 
-(CH2)<,OC{O)(CH2)rA\-(CH2),OC(O)N(X')(CH2)rA\-{CH2),OC(O)N(X^(X'0. 
-{CH2),C(0)X'. -(CH2)qC(0)(CH2)rA\ -{CH2)<,N{X'^C{0)0X*. 
-(CH2),N(X'^S{0)2N(X'^(X^. -(CH2),S(0)„,X'. -(CH2)qS{0)„(CH2)rA\ 
-(C,-C,o)alkyl. -(CHzkA'. -(CH2),-(CrC7)cycloalkyl. -(CH2),.Y'-(C,-C6)alkyl. 
-(CH2)q-Y'-(CHj)rA' or -(CH2VY'-(CH2)r(CrC7)cycJoalkyl; 

where the alkyi and cydoalkyi groups in the definition of are optionally 
substituted with (Ci-C4)alkyl. hydroxy, (Ci-C4)alkoxy, carboxyl, -CONH2, 
-S{0)m(CrC6)alkyl. -C02(Ci-C4)alkyl ester. 1H-tetrazol-5-yl or 1, 2 or 3 fluoro 
groups; 

is O. S(0),n. -C(0)NX®-, -CH=CH-. -CsC-. -N(X'^C(0)-. -C(0)NX''-. 
-C(0)0-. -OC(0)N(XV or -0C(0)-; 
q is 0. 1, 2. 3 or 4; 
tis 0, 1,2 or 3; 

said (CH2)q group and (CH2)t group in the definition of are optionally 
independently substituted with hydroxy, (Ci-C4)alkoxy, carboxyl. -CONH2. 
-S(0)m(C,-C6)alkyl. -C02(Ci-C4)alkyl ester, 1H-tetrazol-5-yl, 1, 2 or 3 fluoro 
groups or 1 or 2 (Ci-C4)alkyl groups; 
R'* is selected from the group consisting of hydrogen, F. CI, Br, I, (Ci-C6)alkyl, 
phenyl(Ci-Cj)alkyl, pyridyl(Ci-C3)alkyl, thiazolyl(Ci-C3)alkyl and thienyl{Ci-C3)alkyl, 
provided that R^^ is not F, CI. Br or I when a heteroatom is vicinal to C; 
R* is hydrogen. (C,-C8)alkyl. -{Co-C3)alkyl-(CrC8)cycloaikyl. -(Ci-C4)alkyl-A' or A\ 

where the alkyI groups and the cydoalkyi groups in the definition of R' are 
optionally substituted with hydroxy. -C(0)OX*. -C(0)N{X'^(X^. -HQ<^Q(.% - 
S(0)m(C,-C6)alkyl. -C(0)A\ -C(0)PC^, CF3. CN or 1. 2 or 3 independently 
selected halo groups; 
R' is selected from the group consisting of A\ (Ci-Cio)alkyl, -(Ci-C6)alkyl-A\ -(d- 
Cs)alkyl-(C3-C7)cydoalkyl. -(C,-C5)alkyl-X^C,-C5)alkyl. -(Ci-Cs)alkyt-X'-{C<rCs)alkyl- 
A' and -(C,-C5)alkyl-X'-(C,-Cs)alkyl-(C3-C7)cydoalkyl; 

where the alkyI groups in the definition of R' are optionally substituted with 
-S(0)m(Ci-C6)alkyl. -C(0)OX', 1, 2. 3, 4 or 5 independentiy selected halo 
groups or 1, 2 or 3 independentiy selected -OX^ groups; 
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X' is O. S(0)r„. .N(X')C{0}-. -C(0)N(X')-, -00(0)-. -C(0)0. -CX'=CX^-. 

-N(X')C(0)0-. -OC{0)N(X')- or -C^C-; 
is hydrogen. (Ci-C6)alkyi or (C3-C7)cycloalkyl. or is taken together with R^ and 
the carbon atom to which they are attached and form (C5-C7)cycIoalkyl, (Cr 
C7)cycloaikenyl. a partially saturated or fully saturated 4- to 8-membered ring having 
1 to 4 heteroatoms independently selected from the group consisting of oxygen, 
sulfur and nitrogen, or is a bicyclic ring system consisting of a partially saturated or 
fuliy saturated 5- or 6-membered ring, fused to a partially saturated, fully 
unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4 
heteroatoms independently selected from the group consisting of nitrogen, sulfur 
and oxygen; 

X^ is hydrogen or (Ct-C6)alkyl or X^ is taken together with and the nitrogen atom 
to which X^ is attached and the carbon atom to which R* is attached and form a five 
to seven membered ring; 

z' V 
R^ is a bond or is ^^^^^ <^*^2)b . 

where a and b are each independently 0, 1, 2 or 3; 

X^ and X^ are each independently selected from the group consisting of 
hydrogen. CF3, and optionally substituted (Ci-C6)alkyl; 

the optionally substituted (Ci-C6)alkyl in the definition of X^ and X*" is 
optionally substituted with a substituent selected from the group 
consisting of A\ 0X^ -S(0)m(Ci-C6)alkyl, .C{0)OX^ (CrC7)cycloalkyl. 
-N(X^)(X^) and -C(0)N(X')(X^); 
or the carbon bearing X^ or X^ forms one or two alkylene bridges with the 
nitrogen atom bearing R^ and R® wherein each alkylene bridge contains 1 to 
5 carbon atoms, provided that when one alkylene bridge is formed then only 
one of X^ or X^ is on the carbon atom and only one of R^ or R* is on the 
nitrogen atom and further provided that v^en two alkylene bridges are 
fonned then X^ and X^ cannot be on the carbon atom and R^ and R* cannot 
be on the nitrogen atom; 

or X^ is taken together with X^ and the carbon atom to which they are 
attached and fonm a partially saturated or fully saturated 3- to 7-membered 
ring, or a partially saturated or fully saturated 4- to 8-membered ring having 1 
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to 4 heteroatoms independently selected from the group consisting of 
oxygen, sulfur and nitrogen; 

or X® is taken together with and the carbon atom to which they are 
attached and fonn a bicyclic ring system consisting of a partially saturated or 
fully saturated 5- or 6-membered ring, optionally having 1 or 2 heteroatoms 
independently selected from the group consisting of nitrogen, sulfur and 
oxygen, fused to a partially saturated, fully saturated or fully unsaturated 5- 
or 6-membered ring, optionally having 1 to 4 heteroatoms independently 
selected from the group consisting of nitrogen, sulfur and oxygen; 

is a bond, O or N-X^, provided that when a and b are both 0 then is not 
N-X^orO; 

and R° are each independently hydrogen or optionally substituted (CrC6)alkyl; 
where the optionally substituted {Ci-Cs)alkyl in the definition of and R* is 
optionally independently substituted with A\ -C(0)0-(CrC6)alkyl, 
-S(0)m(Ci-C6)alkyl. 1 to 5 halo groups, 1 to 3 hydroxy groups, 1 to 3 
-0-C(0)(Ci-Cio)alkyi groups or 1 to 3 (CrC6)alkoxy groups; or 

R^ and R® can be taken together to form -{CH2)rL-(CH2)r; 
where L is C(X^)(X^). S{0)m or Npc^); 

R^ and R^*^ are each independently selected from the group consisting of hydrogen, 

fluoro. hydroxy and (CrCs)alkyl optionally independently substituted with 1-5 halo 

groups; 

R" is selected from the group consisting of (CrC5)alkyl and phenyl optionally 
substituted with 1-3 substitutents each independently selected from the group 
consisting of (Ci-Cs)alkyl, halo and (CrC5)alkoxy; 

R^^ is selected from the group consisting of (CrC5)alky!sulfonyl, (Ci-C5)alkanoyl and 
(Ci-Cs)alkyl where the alkyi portion is optionally independently substituted by 1-5 
halo groups; 

for each occun^ence is Independently selected from the group consisting of (Cs- 
C7)cycloalkenyl. phenyl, a partially saturated, fully saturated or fully unsaturated 4- 
to 8-membered ring optionally having 1 to 4 heteroatoms independenUy selected 
from the group consisting of oxygen, sulfur and nitrogen and a bicyclic ring system 
consisting of a partially saturated, fully unsaturated or fully saturated 5- or 6- 
membered ring, optionally having 1 to 4 heteroatoms independentiy selected from 
the group consisting of nitrogen, sulfur and oxygen, fused to a partially saturated, 
fully saturated or fully unsaturated &- or &-membered ring, optionally having 1 to 4 
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heteroatoms independently selected from the group consisting of nitrogen, sulfur 
and oxygen; 

for each occurence is independently optionally substituted, on one or 
optionally both rings if is a bicyclic ring system, with up to three 
substituents, each substituent independently selected from the group 
consisting of F, CI, Br. i. OCF3. OCF2H. CF3. CH3. OCH3. -OX®. 
-C(0)N(X^{X®). -C(0)OX^. 0x0. {Ci-C6)all^yl. nitro. cyano. benzyl. -S(0)m(Cr 
C6)alkyl. 1H-tetra20l-5-yf, phenyl, phenoxy, phenylalkyioxy. halophenyl. 
methylenedioxy. -NCX'^P?*), -N(X*^C(0)(X®). 'S(0)2H(K^{X\ 
-N(X®)S(0)2-phenyl, -N(X^S(0)2X*. -CONX"X'^ ^S(0)2NX"X'^ 
.NX^S(0)2X". .NX*CONX"X'^ .NX**S(0)2NX''x", .NX**C(0)X'^ imidazolyl, 
thiazolyl and tetrazoiyi, provided that if is optionally substituted with 
methylenedioxy then it can only be substituted with one methylenedioxy; 
where X^"* is hydrogen or optionally substituted (Ci-C6)alkyl; 

the optionally substituted (CrC6)alkyl defined . for is 
optionally independently substituted \Anth phenyl, phenoxy, 
(Ci-C6)alkoxycarbonyl. .S(0)m{CrC6)alkyl. 1 to 5 halo groups, 
1 to 3 hydroxy groups, 1 to 3 (CrCio)alkanoyloxy groups or 1 
to 3 (CrC6)alkoxy groups; 
X'^ is hydrogen, (CrC6)alkyl. phenyl, thiazolyl, imidazolyl. furyl or 
thienyl. provided that when X" is not hydrogen, the X^^ group is 
optionally substituted with one to three substituents independently 
selected from the group consisting of Ci, F, CH3, OCH3, OCF3 and 
CF3; 

or X" and X" are taken together to fomn -(CH2)rL'-(CH2)r; 
C is C(XW). 0. S(OU or N(X^); 
r for each occurrence is independently 1. 2 or 3; 

X^ for each occurrence is independently hydrogen, optionally substituted (Ci- 
C6)alkyl or optionally substituted (CrC7)cydoalkyl. where the optionally substituted 
(CrC6)alkyl and optionally substituted (CrC7)cycloalkyl in the definition of X^ are 
optionally independently substituted with -S{0)m(CrC6)alkyl. -C(0)OX'. 1 to 5 halo 
groups or 1-3 OX^ groups; 

X^ for each occun-ence is independently hydrogen or (CrC6)alkyl; 

X® for each occurrence is independently hydrogen, optionally substituted (Ci- 

C6)alkyl, (CrC6)halogenated alkyi, optionally substituted (CrC7)cycloalkyl. (CrC?)- 

SUBSTITUTE SHEET (RULE 26) 



wo 98/58947 



PCTAB98/00873 



-200- 



halogenated cycloalkyl. where optionally substituted (CrC6)alkyi and optionally 
substituted (C3-C7)cycloalkyl in the definition of is optionally independently mono- 
or di-substituted with (Ci-C4)alkyl, hydroxy, (Ci-C4)alkoxy. carboxyl. CONH2. 
-S(0)m(Ci-C6)alkyl, carboxylate (Ci-C4)alkyl ester or 1H-tetrazol-5-yl: or 
when there are two groups on one atom and both X^ are independently (d- 
C6)alkyl. the two {CrC6)alkyl groups may be optionally joined and. together with the 
atom to which the two X^ groups are attached, form a 4- to 9- membered ring 
optionally having oxygen, sulfur or NX^ as a ring member; 

X^ is hydrogen or (Ci-C6)alkyl optionally substituted with hydroxy; 
m for each occurrence is independently 0. 1 or 2; 
with the proviso that 

X* and X^^ cannot be hydrogen when attached to C(0) or S(0)2 in the form C(0)X^, 
C(0)X'^ S(0)2X^ or S(0)2X"; and 

when is a bond then L is H(K^) and each r in the definition -(CH2)r-L-(CH2)r is 
independently 2 or 3. 

2. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 1 wherein 

is hydrogen or methyl; X^ is hydrogen; 



each independently selected from the group consisting of hydrogen, CF3, phenyl 
and optionally substituted (CrC6)alkyl; 

where the optionally substituted (Ci-C6)alkyl in the definition of X^ and X^ is 

optionally substituted with OX^ or A^; 



is hydrogen or (CrC3)alkyl; 
or X^ and R^ are taken together and form a (Ci-Cs)alkyiene bridge; and 
R* is hydrogen or (CrC3)alkyl optionally substituted with one or two hydroxy groups. 




(CH2)b 



where is a bond and a is 0 or 1; X^ and X^ are 



where A^ in the definition of X^ and X^ is imidazolyl, phenyl, indolyl, 
p-hydroxyphenyl. {C5-C7)cydoalkyl, -S(0)m(Ci-C6)alkyl. -N(X^)(X^) or 
-C(0)N(X')(X'); 
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3. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodnjg of such compound, mixture or isomer thereof, or a 
phamnaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 2 wherein b is 0; and are each independently selected 
from the group consisting of hydrogen. (CrC3)alkyl and hydroxy(Ci-C3)alkyl; and 

is selected from the group consisting of thienyl-CHrO-CHr. pyridyl-CH2-0-CHr. 
thiazolyI-CH2-0-CHr. 1-indolyl-CHr. 2-indolyI-CHr. 3-indolyl-CHr, l-naphthyl-CHj. 
2-naphthyl-CHr. l-benzimidazolyl-CHr. 2-beri2imidazolyl-CH2-. phenyI-{CrC4)alkyl. 
2-pyridyl-(CrC4)alkyl-, 3-pyridyKC,-C4)alkyl-. 4.pyridyKCi-C4)alkyl-. phenyl-CHrS- 
CH2-, thienyl-(Ci-C4)alkyl-. pheny|.(Co-C3)alkyl-0-CH2-. phenyl-CHj-O-phenyl-CHr. 
phenyl-O-CHrCHr and 3-ben20thienyl-CH2-: 

where the aryl portion{s) of the groups defined for are each optionally 
substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy..F, CI, 
CH3. OCH3. OCF3. OCF2H and CF3. 

4. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceuticaliy acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 3 wherein 
is hydrogen; a is 0; 

X^ and X^ are each independently selected from the group consisting of hydrogen, 
methyl or hydroxymethyl. provided that when X* is hydrogen then X*" is not 
hydrogen; 

R^ and R* are each hydrogen; and 

R^ is selected from the group consisting of 3-indolyl-CHr, 1-naphthyI-CH2-. 2- 
naphthyl-CHr. phenyl-(CrC4)alky|.. 2-pyridyI-(Ci-C4)alkyl-. 3-pyridy^(CrC4)alkyl-, 4- 
pyridyl-(Ci-C4)alkyl-. phenyl-CHrS-CHz-. thienyl-(CrC4)alkyl-. phenyl-(Co-C3)alkyl-0- 
CHr. 3-benzothienyl-CHr. thienyl-CHj-OCHr. thiazolyl-CHz-O-CHr. pyridyl-CHr 
O-CH2- and phenyl-O-CHrCHr; 

where the aryl portion(s) of the groups defined for R^ are each optionally 
substituted with one to three substituents. each substituent being 
independentiy selected from the group consisting of methylenedioxy. F, CI, 
CH3. OCH3. OCF3, OCF2H and CF3. 
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5. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 4 wherein 

is -(CH2)rA\ -(CH2)q-(CrC7)cycloalkyl or (Ci-Cio)aikyl: 

in the definition of is phenyl, pyridyl, thiazolyl or thienyl, optionally 

substituted with one to three substituents. each substituent being 

independently selected from the group consisting of F, CI. CH3. OCH3. 

OCF2H, OCF3 and CF3; 

the cycioalkyi and alkyi groups in the definition of R^ are optionally 
substituted with (CrC4)alkyl, hydroxy, (CrC4)alkoxy or1 to 3 fluoro atoms; 
q is 1 or 2; t is 1 or 2; 

R^ is phenyl-CHz-O-CHz-. phenyl-CHz-S-CHr. pyridyl-CHz-O-CHz-. thienyl-CHrO 

CH2-. thiazoly!-CH2-0-CH2-. phenyl-CCHzV or 3-indoIyl-CH2-; 

where the carbon atom bearing the substituent R^ is of the (R)-configuration; 

where the aryl portion of the groups defined for R^ is optionally substituted 
with one to three substituents. each substituent being independently 
selected from the group consisting of F, CI, CH3. OCH3, OCF2H. OCF3 and 
CF3; and 
and are each methyl. 

6. A compound or a stereoisomeric mixture thereof, diastereomerically 

enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 

pure isomer thereof, or a prodaig of such compound, mixture or isomer thereof, or a 

pharmaceutically acceptable salt of the compound, mixture, isomer or prodmg 

according to claim 5 wherein 



7. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
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pharmaceuticaliy acceptable salt of the compound, mixture, isomer or prodrug 

according to claim 6 wherein 

Z is S(0)2; Q is a covalent bond; X is CH2; and 

Y is CH2 or NR^ 

is hydrogen, (Ci-C5)aikyl or -(Co-C2)alkyl-(C3-Ca)cycloaiky!; 

where the alky! and cycioalkyi groups in the definition of R^ are optionally 

substituted with 1 . 2 or 3 fluoro groups. 

8. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceuticaliy acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 7 wherein Y is CH2. 

9 . A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceuticaliy acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 8 wherein 

is -CH2-A' where A^ is phenyl, pyridyl or thiazoiyi, optionally substituted with one 
to three substituents, each substituent being independently selected from the group 
consisting of F, CI, CH3. OCH3, OCF2H, OCF3 and CF3; and 

R^ is selected from the group consisting of 3-indolyl-CH2-, phenyKCH2)3-. phenyl- 
CH2-0-CH2- and thia2olyl-CH2-0-CH2-. where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy, F. CI, CH3, 
OCH3. OCF3, OCF2H and CF3. 

10. A compound or a prodoig of such compound or a pharmaceuticaliy 
acceptable salt of the compound or a prodmg according to claim 9 where the 
compound is the 3a(R,S),1(R) diastereomeric mixture, the 3a(R),1(R) diastereomer 
or the 3a(S),1{R) diastereomer of 2-amino-N-[2-(3a-benzyl-1,1-dioxo-hexahydro-1- 
thia-5.7a-diaza-inden-5-yl}-1-benzyloxymethyl-2-oxo-ethyl>2-methyl-propionamide. 

11. A compound or a stereoisomeric mbcture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodaig of such compound, mixture or isomer thereof, or a 
phannaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 6 wherein 
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Z is C=0; Q is a covalent bond; X is CH2; and Y is NR^ 

is hydrogen. {CrCs)alkyl or-(CcrC2)alkyl-(C3-C8)cycioalkyl; 
where the alkyl and cycloaikyi groups in the definition of are optionally 
substituted with 1, 2 or 3 fluoro groups. 

12. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomericaliy 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phamnaceuticalty acceptable salt of the compound, mixture, Isomer or prodrug 
according to claim 1 1 wherein 

R^ is -CHrA^ where A^ is phenyl, pyridyl or thiazolyl. optionally substituted with one 
to three substituents, each substituent being independently selected from the group 
consisting of F, CI, CH3, OCH3, OCF2H. OCF3 and CF3; 
R^is hydrogen or (Ci-C3)alkyl optionally substituted with 1-3 fluoro groups; and 
R^ is selected from the group consisting of 3-indolyl-CHr. phenyl-(CH2)r, phenyl- 
CHj-O-CHrand thiazolyl-CHrO-CHr, where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy, F, CI, CH3, 
OCH3, OCF3. OCF2H and CF3. 

13. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodmg according to claim 12 where the 
compound is the 8a(R,S),1(R) diastereomeric mixture, the 8a(R),1(R) diastereomer 
or the 8a(S),1(R) diastereomer of 2-amino-N-[2-(8a-benzyl-2-methyl-3-oxo- 
hexahydro-imidazo[1.5-a]pyra2in-7-yl)-1-benzyloxymethyl-2-oxo-ethyl]-2-methyl- 
propionamide. 

14. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 6 wherein 

Z is C=0; Q is a covalent bond; X is CH2; and Y is O. 

15. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 14 wherein 
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is -CHrA^ where is phenyl, pyridyt or thiazolyl, optionally substituted with one 
to three substituents. each substituent being independently selected from the group 
consisting of F. CI, CH3, OCH3, OCF2H, OCF3 and CF3; and 

is selected from the group consisting of 3-indolyl-CH2-. phenyl-(CH2)r, phenyl- 
CHrOCHr and thiazoIyl-CHrO-CHr. where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents. each substituent being 
independently selected from the group consisting of methylenedioxy. F. CI. CH3, 
OCH3. OCF3. OCF2H and CF3. 

16. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to claim 15 where the 
compound is the 8a(R,S).1(R) diastereomeric mixture, the 8a(R),1(R) diastereomer 
or the 8a(S),1(R) diastereomer of the compound selected from the group consisting 
of 

2-amino-N-[2-{8a-benzyl-3-oxo-tetrahydro-oxa20lo[3.4-a]pyra2in-7-yi)-1- 
benzyioxymethyl-2-oxo-ethyl]-2-methyl-propionamide. 

2-amino-N-[1-benzyIoxymethyl-2-oxo-2-(3-oxo-8a-thia20l-4-ylmethyl-tetrahydro- 
oxazolo[3,4-alpyra2in-7-yI)-ethyI]-2-methyl-propionamide and 
2-amino-N-[1-benzyloxymethyl-2-oxo-2-{3-oxo-8a-pyridin-3-ylmethyl-tetrahydro- 
oxazolo[3,4-a]pyrazin-7-yI)-ethyl]-2-methyl-propionamide. 

17. A compound according to claim 6 wherein 

Z is C=0 or S(0)2; Q is a covalent bond; X is C=0; and Y is NR^; 

is hydrogen. (Ci-C5)alkyl or -(CtrC2)alkyl-(C3-C8)cycloaIkyl; 
where the alkyi and cycloalkyi groups in the definition of R^ are optionally 
substituted with 1 , 2 or 3 fluoro groups. 

18. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodnjg of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 17 wherein 

Z is C=0; R^ is -CHrA\ where A^ in the definition of R^ is phenyl or pyridyl where 
said phenyl or pyridyl is optionally substituted with one to three substituents, each 
substituent being independently selected from the group consisting of F. CI, CH3, 
OCH3, CX^FjH. OCFa and CF3: and 

is phenyl-CHrO-CHr. pyridyl-CHrO-CHr, phenyl-CCHa)?-, 3-indolyl-CHr or 
thiazolyl-CHrO-CHz-, where the aryl portion of the groups defined for R^ is 
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Optionally substituted with one to three substituents. each substituent being 
independently selected from the group consisting of methylenedioxy, F. CI, CH3, 
OCH3, OCF3. OCF2H and CF3. 

19. A compound or a stereoisomeric mixture thereof, diastereomericaily 
enriched, diastereomericaily pure, enantiomerically enriched or enantiomericaily 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phamnaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 18 wherein 

is hydrogen or (Ci-C3)alkyl where the alkyi group is optionally substituted with 1-3 
fluoro groups. 

20. A compound or a stereoisomeric mixture thereof, diastereomericaily 
enriched, diastereomericaily pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phamnaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 19 wherein . 

is phenyl-CHrO-CHr or phenyl-(CH2)r. where the phenyl in the definition of R^ 
is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy, F, CI, CH3, 
OCH3. OCF3. OCF2H and CF3. 

21. A compound or a stereoisomeric mixture thereof, diastereomericaily 
enriched, diastereomericaily pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phamnaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 20 wherein 

R^ is -CHrA^ where A^ is phenyl. 2-pyridyl, 3-pyridyl, optionally substituted with 1-3 
fluoro groups or 1-3 Chloro groups; 

R^ is methyl or ethyl where the ethyl group is optionally substituted with 1-3 fluoro 
groups; and 

R^ is phenyl-CHz-O-CHr. where the phenyl is optionally substituted with 1-3 fluoro 
groups, 1-3 Chloro groups or 1-2 CF3 groups. 

22. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to claim 21 where the 
compound is the 1(R),8a(R.S) diastereomeric mixture, the 1{R).8a(R) diastereomer 
or the 1(R).8a(S) diastereomer of 2-amino-N-{1-(2,4-difluoro-benzyloxymethyl)-2- 



SUBSTITUTE SHEET (RULE 26) 



wo 98/58947 



PCT/IB98/00873 



-207- 

[1>dioxo-8a-pyridin-3-ylmemyl-2-(2,2.2-trifluoro-ethyl)-hexahydrM 
a]pyra2in-7-yl]-2-oxo-ethyl3-2-methyl-propionamide. 

23. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phannaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 21 wherein 

is -CHrA^ where A^ is phenyl optionally substituted with 1-2 chloro groups or 1-2 
fiuoro groups; 

is methyl or -CH2CF3; and 
R^ is phenyl-CH2-0-CHr. optionally substituted with 1-3 fiuoro groups. 1-3 chloro 
groups or 1-2 CF3 groups. 

24. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodmg according to claim 23 where the 
compound is selected from the group consisting of 

2-amino-N-[2-(8a-(R,S)-ben2yl-2-methy!-1.3-dioxo-hexahydro-imidazo[1.5-alpyrazin- 

7-y!)-1-{R)-benzyloxymethyI-2-oxo-ethyl]-2-methyl-propionamide. 

2-amino-N-{1-(R)-benzyloxymethyl-2-[8a-(R,S)-(4-fluoro-benzyl)-2-methyl-1.3-dioxo- 

hexahydro-imida2o[1,5-a]pyrazin-7-yi]-2-oxa-ethyl)-2-methyl-propionamide and 

2-amino-N-{2-[8a-(R.S)-benzyl-1,3-dioxo-2-(2,2.2-trifluoro-ethyI)-hexahydro- 

imidazo[1.5-a]pyra2in-7-yll-1-(R)-ben2yloxymethyl-2-oxo-ethyI}-2-methyl- 

propionamide. 

25. The compound or a prodmg of such compound or a phamriaceutically 
acceptable salt of the compound or prodmg according to claim 24 where the 
compound is 2-amino-N-[2-(8a-(R)-benzyl-2-methyl-1,3-dioxo-hexahydro- 
imidazo[1 .5-a]pyra2in-7-yl)-1 -(R)-benzyloxymethyI-2-oxo-ethyI]-2-methyl- 
propionamide. 

26. The compound or a prodmg of such compound or a 
pharmaceutically acceptable salt of the compound or prodmg according to claim 24 
where the compound is 2-amino-N-[2-(8a-(S)-benzyl-2-methyI-1.3-dioxo-hexahydro- 
imidazo[1 ,5-a]pyrazin-7-yl)-1 -(R)-ben2yloxymethyl-2-oxo-ethyl>2-methyl- 
propionamide. 

27. The compound or a prodmg of such compound or a 
phamiaceutically acceptable salt of the compound or prodmg according to claim 24 
where the compound is 2-amino-N-{1-(R)-t>enzyloxymethyl-2-[8a-(R)-(4-fluoro- 
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benzyl>2-methyl-1>dioxo-hexahydro-imida2o[1>a]pyrazin-7-yll-2-oxo-ethy^^^ 
methyl-propionamide. 

28. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to ciaim 24 where the 
compound is 2-amino-N-{1 -(R)-ben2yloxymethyl-2-[8a-(S)-(4-fluoro-ben2yl)-2- 
methyH.3-dioxo-hexahydro-imidazo[1,5-a]pyrazin-7-yl]-2-oxo-ethyI}-2-methyl- 
propionamide. 

29. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to claim 24 where the 
compound is 2-amino-N-{2-[8a-(R)-benzyH .3-dioxo-2-{2,2,2-trifIuoro-ethyl)- 
hexahydro-imidazo[1.5-a]pyra2in-7-yl]-1-(R)-benzyloxymethyl-2-oxo-ethyl)-2-methyl- 
propionamide. 

30. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to claim 24 where the 
compound is 2-amino-N-{2-[Ba-(S)-ben2yl-1 .3-dioxo-2-(2.2,2-trifluora-ethyl)- 
hexahydro-imidazo[1.5.alpyrazin-7-yil-1-{R)-ben2yloxymethyl-2-oxo-ethyl}-2-methyl- 
propionamide. 

31. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodnjg of such compound, mixture or isomer thereof, or a 
phamnaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to ciaim 21 wherein 

Is -CHrA^ where A.*" is 2-pyridyl optionally substituted with 1-2 chloro groups; 
R' is methyl or-CH2CF3; and 

R^ is phenyl-CHrO-CHr, optionally substituted with 1-3 fluoro groups, 1-3 chloro 
groups or 1-2 CFa groups. 

32. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to claim 31 where the 
compound is 

2-amino-N-I1-{R)-benzyloxymethyI-2-(2-methyl-1,3-dioxo-8a-(R,S)-pyridin-2- 

y!methyl-hexahydro-imida2o[1,5-a]pyrazin-7-yI)-2-oxo-ethyl]-2-methyl-propionamide, 

2-amino-NH1-(RVbenzyloxymethyl-2-l1>dloxo-8a-(R,S)-pyridin-2-ylmethyl-2-(2,2,2- 

trifluoro-ethyl)-hexahydro-imida20[1,5-alpyrazin-7-yIV2-<)xo-ethyl^2-me^^^ 

propionamide, 



SUBSTITUTE SHEET (RULE 26) 



wo 98/58947 



PCT/IB98/00873 



•209- 

2-amino-N-{1-(R)-(2.4-dinuoro-benzyloxymethyl)-2-[1,3-dioxo-8a-(R,S)-pyrid^^^ 

ylmethyl-2-(2,2,2-trinuoro-emyl)-hexahydro-imida20[1,5-alpyrazin-7-yl>^^ 

2-methyl-propionamide. 

2-amincKN-[2-[1>dioxo-8a-(R.S)-pyridin-2-ylmethyl-2-{2,2.2-trifluoro-^ 

hexahydro-imida20[1,5-a]pyra2in-7-yn-2-oxo-1-(R)-(2-trifluoromethyI- 

ben2yioxymethyl)-ethyl]-2-methyl-propionamide or 

2-amino-N-{1-(R}-(4-chloro-ben2yloxymethyl)-2-[1,3-dioxo-8a-(R.S)-pyridin^ 

ylmethyl-2-{2.2,2-trifluoro-ethyl)-hexahydro-imidazo[1.5-a]pyra2in-7.yl>^ 

2-methyl-propionamide. 

33. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodmg according to claim 32 where the 
compound is 2-amino-N-[1-(R)-ben2yloxymethyl-2-{2-methyM,3-dioxo-8a-{R)- 
pyridin-2-ylmethyl-hexahydro-lmidazo[1,5-a]pyra2in-7-yI)-2-oxo-ethyl]-2-methyl- 
propionamide. 

34. The compound or a prodrug of such compound or a phamiaceutically 
acceptable salt of the compound or prodmg according to claim 32 where the 
compound is 2-amino-N-[1-{R)-benzyloxymethyl-2-(2-methyl-1.3-dioxo-8a-(S)- 
pyridin-2-ylmethyl-hexahydro-lmidazo[1,5-a]pyra2in-7-yl)-2-oxo-ethyl]-2-methyl- 
propionamide. 

35. The compound or a prodrug of such compound or a phamiaceutically 
acceptable salt of the compound or prodmg according to claim 32 where the 
compound Is 2-amino-N-{1-(R)-ben2yloxymethyl-2-[1.3-dioxo-8a-(R)-pyridin-2- 
y!methyl-2-(2.2,2-trifluoro-ethyl)-hexahydro-imidazo[1.5-a]pyrazin-7-yq-2-oxc>-ethyl}- 
2-methyl-propionamide. 

36. The compound or a prodmg of such compound or a pharmaceutically 
acceptable salt of the compound or prodmg according to claim 32 where the 
compound is 2-amino-N-{1-(R)-benzyloxymethyl-2-[1.3-dioxo-8a-(S)-pyridin-2- 
ylmethyl-2-(2.2.2-trifluoro-ethyl)-hexahydro-imida20[1.5-a]pyra2irh7-yn-2-oxo-ethyI}- 
2-methyl-propionamide. 

37. The compound or a prodmg of such compound or a phamnaceutically 
acceptable salt of the compound or prodmg according to claim 32 where the 
compound is 2-amino-N-{1-{R)-(2.4-difluoro-ben2yloxymethyl)-2-[1 ,3-dloxo-8a-(R)- 
pyridin-2-ylmethyl-2-{2.2,2-trifluoro-ethyl)-hexahydro-imidazo[1,5-a]py^ 
oxo-ethyI}-2-methyl-propionamide. 
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38. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to claim 32 where the 
compound is 2-amino-N-{1-(R)-(2,4-difIuoro-benzyloxymethyl)-2-[1 .3-dioxo-8a-(S)- 
pyridin-2-ylmethy|.2-(2.2.2-trifluoro-ethyl)-hexahydro-imidazo[1,5-a]pyra2in-7-yl]-2- 
oxo-ethyl}-2-methyl-propionamide. 

39. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodaig according to claim 32 where the 
compound is 2-amino-N-[2-[1,3-dioxo-8a-(R)-pyridin-2-ylmethyl-2-(2,2,2-trifluoro- 
ethyl)-hexahydro-imidazo[1.5-a]pyrazin-7-y[]-2-oxo-1-(R)-(2-trifluoromethyl- 
ben2yloxymethyl)-ethyl]-2-methyl-propionamide. 

40. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodmg according to claim 32 where the 
compound is 2-amino-N-[2-[1.3-dioxo-8a-(S)-pyridin-2-ylmethyl-2-(2.2,2-trifluoro. 
ethy!)-hexahydro-imida2o[1,5-a]pyra2in-7-yl].2-oxo-1-(R)-(2-trifluoromethyl- 
benzyloxymethyi)-ethyll-2-methyl-propionamide. 

41. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to claim 32 where the 
compound is 2-amino-N-{1-(R)-(4-chloro-benzyloxymethyl)-2-[1,3-dioxo-8a-(R)- 
pyridin-2-ylmethyl-2-(2,2.2-trifluoro-ethyl)-hexahydro-imidazo[1.5-a]pyrazin-7-yl]-2- 
oxo-ethyl}-2-methyl-propionamide. 

42. The compound or a prodmg of such compound or a pharmaceutically 
acceptable salt of the compound or prodmg according to claim 32 where the 
compound is 2-amino-N-{1-(R)-(4-chloro-benzyloxymethyI)-2-[1.3-dioxo-8a-(S)- 
pyridin-2-ylmethyl-2-(2.2,2-trifluoro-ethyl)-hexahydro-imidazo[1>a]pyra2in-7-yl>^^ 
oxo-ethyl}-2-methyl-propionamide. 

43. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomericaily enriched or enantiomerically 
pure Isomer thereof, or a prodmg of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 6 wherein 

Z is C=0: Q is a covalent bond; X is C=0; and Y is CH2. 

44. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodmg of such compound, mixture or isomer thereof, or a 
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pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 43 wherein 

is -CHrA^ where is phenyl, pyridyl or thiazolyl, optionally substituted with one 
to three substituents, each substituent being independently selected from the group 
consisting of fluoro, chloro, methyl. OCH3, OCF2H. OCF3 and CF3; and 

is selected from the group consisting of 3-indolyl-CHr. phenyl-(CH2)r» phenyl- 
CHrO-CH2- and thiazolyl-CHrO-CHr. where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy, F, CI, CH3, 
OCH3. OCF3, OCF2H and CF3. 

45. A compound or a prodrug of such compound or a phanmaceutically 
acceptable salt of the compound or prodrug according to claim 44 where the 
compound is the 1(R), 8a(R.S) diastereomeric mixture, the1(R},8a(R) diastereomer 
or the 1(R),8a(S) diastereomer of 2-amino-N-{1-ben2yloxymethyl-2-[8a-(4-fluoro- 
benzyl)-6,8-dioxo-hexahydro-pyrrolo [1,2-a]pyra2in-2-yl]-2-oxo-ethyl)-2-methyl- 
propionamide. 

46. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 5 wherein 

HETis 



47. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 46 wherein 
W is N;dis1;elsOor1; 

R^ is hydrogen, (CrC5)alkyl or -{Co-C2)alkyl-{C3-CB)cycloalkyl; 
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where the alkyi and cycloalkyi groups in the definition of are optionally 
substituted with 1, 2 or 3 fluoro groups; 
is hydrogen, halo, hydroxy, -(Ci-C2)alkyl optionally independently substituted with 
one to three halo groups or -{CrC2)alkoxy optionally independently substituted with 
one to three halo groups; 

is hydrogen, halo, hydroxy. -{CrC2)aikyl optionally independently substituted with 
one to three halo groups or -(CrC2)alkoxy optionally independently substituted with 
one to three halo groups; and 
is hydrogen. 

48. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomericaily enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 47 wherein 

is hydrogen or (CrC3)alkyl optionally substituted with 1-3 fluoro groups; 
R^ is selected from the group consisting of 3-indolyl-CHr. phenyl-(CH2)3-. phenyl- 
CHrO-CHr and thiazoiyl-CHrO-CHr. where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy. F, CI, CH3. 
OCH3. OCF3. OCF2H and CF3; and 
G\ G^ and G^ are each independently hydrogen. CI or F. 

49. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to claim 48 where the 
compound is 2-amino-N-[1-(RH1H-indol-3-ylmethyl)-2-oxo-2-{9-oxo-1 ,2.4a,9- 
tetrahydro-4H-3,9a-dia2a-fluoren-3-yl)-ethyl]-2-methyl-propionamide. 

50. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodnjg of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 4 wherein 

HET is 




O 
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51. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enanticmerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceuticaily acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 50 wherein 

and are each methyl; d is 1; e is 1; 

is -(CH2)rA\ -{CH2)q-(C3-C7)cycloalkyl or (CrC,o)alkyl; 

in the definition of is phenyl, pyridyl. thiazolyl or thienyl. optionally 
substituted with one to three substituonts, each substituent being 
independently selected from the group consisting of F, CI, CH3, OCH3, 
OCF2H. OCF3 and CF3; 

the cycloalkyi and alkyi groups in the definition of are optionally 
substituted with (Ci-C4)aikyl. hydroxy, (d-COalkoxy or 1 to 3 fluoro groups; 
t is 1 or 2; q is 1 or 2; and 
R^ is hydrogen, (CrC5)alkyl or -(C(rC2)alkyl-(CrC8)cycioalkyl; 

where the alkyi and cycloalkyi groups in the definition of are optionally 
substituted with 1. 2 or 3 fluoro groups. 

52. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phamnaceutically acceptable salt of the compound, mixture, isomer or prodnjg 
according to claim 51 wherein 

is (Ci-C6)alkyl optionally substituted with 1-3 fluoro groups; 
R^ is hydrogen or (CrC3)alkyl optionally substituted with 1-3 fluoro groups; and 
R^ is selected from the group consisting of 3-indolyl-CHr. phenyl-(CH2)r, phenyl- 
CHrO-CHr and thiazolyl-CH2-0-CH2-, where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy. F, CI, CH3, 
OCH3. OCF3. OCF2H and CF3. 

53. A compound or a prodrug of such compound or a pharmaceuticaily 
acceptable salt of the compound or prodmg according to claim 52 where the 
compound is 2-amino-N-[2-(2,3-dimethyl-4-oxo-3,5,7,8-tetrahydro-4H-pyrido[4.3- 
dlpyrimidin-6-yl)-1-(R)-(1H-jndol-3«ylmettiyl)-2-oxo-ethyl^2-methyl-propionamid 

54. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
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pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phanmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 5 wherein 
HETis 




55. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodaig of such compound, mixture or isomer thereof, or a 
phamiaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 54 wherein . 

A is -NR^.C(0)-0-; d is 1; e is 1; 

R' is -(CH2)rA\ -{CH2)c-(C3-C7)cydoalkyl or (Ci-Cio)alkyl; 

A^ in the definition of R^ is phenyl, pyridyl, thiazoly! or thienyl, optionally 
substituted with one to three substituents. each substituent being 
independently selected from the group consisting of F. CI. CH3. OCH3. 
OCF2H. OCF3 and CF3; 

the cydoalkyi and alkyi groups in the definition of R' are optionally 

substituted with (Ci-C4)alkyl. hydroxy, (CrC4)alkoxy or 1-3 fluoro groups; 

t is 1 or 2; q is 1 or 2; 
R^^ is hydrogen or methyl; and 

is hydrogen, (Ci-Cs)alkyl, -(C(rC2)alkyl-{CrC8)cycloaikyl or (Ci-C2)alkyl-A\ where 
A^ in the definition of R^ is pyridyl; 

where the alkyI and cydoalkyi groups in the definition of R^ are optionally 

substituted with 1-3 fluoro groups. 

56. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodnjg of such compound, mixture or isomer thereof, or a 
pharmaceuticaily acceptable salt of the compound, mixture, isomer or prodrug 
according to daim 55 wherein 
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is -CHrA^ where is phenyl, pyridyl or thiazolyl. optionally substituted with one 
to three substituents» each substituent being independently selected from the group 
consisting of F, CI. CH3. OCH3. OCF2H, OCF3 and CF3; 

is hydrogen or (Ci-C3)alkyl optionally substituted with 1-3 fluoro groups; 
R^ is selected from the group consisting of 3-indolyl-CHr. phenyKCH2)r. phenyl- 
CHrO-CHr and thiazolyl-CHrO-CHr, where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy. F, CI, CH3, 
OCH3, OCF3. OCFjH and CF3; and 
R^* is hydrogen. 

57. A compound or a prodmg of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to claim 56 where the 
compound is the 3a(R,S)-7a(R,S) diastereomeric mixture, the 3a(R)7a{R) 
diastereomer. the 3a(S)7a(S) diastereomer, the 3a(R).7a(S) diastereomer or the 
3a(S),7a(R) diastereomer of the compound selected from the group consisting of 
3a-7a-2-amino-N-[2-(3a-benzyl-2-oxo-hexahydro-oxazolo[4,5-c]pyridin-5-yl)-1-(R)- 
benzyloxymethyl-2-oxo-ethyfl-2-methy!-propionamide. 

3a-7a-2-amino-N-[1-(R)-ben2yloxymethyl-2-(3-methyl-2-oxo-3a-pyridin-3-ylmethyl- 

hexahydro-oxa2olo[4,5-c]pyridin-5-yl)-2-oxo-ethyl]-2-methyI-propionamide, 

3a-7a-2-amino-N-[2-(3a-benzyl-3-methyI-2-oxo-hexahydro-oxa2olo[4.5-c]pyridin-5- 

yl)-1 -(R}-{1 H-indol-3-yimethyi)-2-oxo-ethyl]-2-methyl-propionamide and 

3a-7a-2-amino-N-[1-(R)-benzyloxymethyl-2-oxo-2-(2-oxo-3a-pyridin-2-ylmethyl- 

hexahydro-oxazolo[4.5-c]pyridirv5-yl}-ethyl]-2-methyl-propionamide. 

58. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 54 wherein 

A is .C(0)-NR2-CHr, -C{0H>CH2-. -C(0)-NR^-C(0)-. -CHrNR^-CHr or 

-C(0)-NR^.CHrCHr; 

d is 1; eis 1; 

R^ is -(CH2)rA\ -{CH2)q-{C3-C7)cycloalkyI or (CrCio)alkyl; 

A^ in the definition of R^ is phenyl, pyridyl, thiazolyl or thienyl, optionally 
substituted with one to three substituents, each substituent being 
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independently selected from the group consisting of F, CI, CH3, OCH3. 
OCF2H. OCF3 and CF3; 

the cycloalkyl and alkyi groups in the definition of are optionally 
substituted with (Ci-C4)a!kyl. hydroxy, (CrC4)alkoxy or 1-3 fluoro groups; 
t is 1 or 2; q is 1 or 2; . 
R^'^ is hydrogen or methyl; and 

R^ is hydrogen. (CrC5)alkyl, -(Co-C2)alkyi-(C3-C8)cycloalkyI; 

where the alkyI and cycloalkyl groups in the definition of R^ are optionally 
substituted with 1-3 fluoro groups. 

59. A compound or a stereoisomeric mixture thereof, diastereomericaily 
enriched, diastereomericaily pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 58 wherein 

R^ is -CHj-A^ where A'* is phenyl, pyridyl or thiazolyl, optionally substituted with one 
to three substituents, each substituent being independently selected from the group 
consisting of F, CI, CH3, OCH3, OCF2H, OCF3 and CF3; 
R^ is hydrogen or (Ci-C3)alkyl optionally substituted with 1-3 fluoro groups; and 
R^is selected from the group consisting of 3-indolyl-CH2-, phenyl-(CH2)3-, phenyl- 
CH2-0-CHr and thiazolyl-CHrO-CHr, where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents. each substituent being 
independently selected from the group consisting of methylenedioxy, F, CI. CH3, 
OCH3. OCF3. OCF2H and CF3; and 
R^^ is hydrogen. 

60. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodrug according to daim 59 where the 
compound is selected from the group consisting of 

2-amino-N-[1-(R)-(1H-indol-3-ylmethyl)-2-(2-methyl-1.3-dioxo-octahydro-pyrrolo[3.4- 

c]pyridin-5-yI)-2-oxo-ethyl]-2-methyl-propionamlde. 

the 3a(R,S),1(R) diastereomeric mixture, the 3a(R).1(R) diastereomer or the 

3a(S).1 (R) diastereomer of 2-amino-N-t2-(3a-benzyl-3-oxo-octahydro-pyn*olo[3,4- 

c]pyridin-5-yl)-1-ben2yloxymethyl-2-oxo-ethyl]-2-methyl-propionamide, 

the 3a(R,S),1(R) diastereomeric mbcture. the 3a(R),1(R) diastereomer or the 

3a{S),1{R) diastereomer of 2-amino-N-[2-(3a-benzyl-3-oxo-hexahydro-furo[3,4- 

clpyridin-5-yI)- 1 -benzyloxymethyl-2-oxo-ethyll-2-methy l-propionamide, 
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the 3a(R,S).1{R) diastereomeric mixture, the 3a(R),1(R) diastereomer or the 
3a(S),1(R) diastereomer of N-[2-(2-acetyl-3a-ben2yl-octahydro-pyrrolo[3,4-c]pyridin- 
5-yI)-(1H-indoI-2-ylmethyl)-2-oxo-ethyl]-2-amino-2-methyl-propionamide and 
the 8a(R,S),1(R) diastereomeric mixture, the 8a{R),1(R) diastereomer or the 
8a(S),1(R) diastereomer of 2-amino-N-[2-(8a-benzyl-7-methyl-8-oxo-octahydro- 
[2,7]naphthyridin-2-yl)-1-benzyloxymethyl-2-oxo-ethyi]-2-methyl-propionamide. 

61. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodnjg of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 54 wherein 

is -(CH2VA\ -(CH2)q-{CrC7)cycloalkyl or {CrCio)alkyl; 

in the definition of R^ is phenyl, pyridyl, thiazolyl or thienyl, optionally 
substituted with one to three substituents, each substituent being 
independently selected from the group consisting of F, CI.. CH3, DCH3, 
OCF2H, OCF3 and CF3; 

the cycioalkyi and alkyi groups in the definition of R^ are optionally 
substituted with (Ci-C4)aikyl, hydroxy, {CrC4)alkoxy, or 1-3 fluoro groups; 
t is 1 or 2; q is 1 or 2; 
R^^ is hydrogen or methyl; 

R^ is hydrogen. (Ci-C5)alkyl or -(C(rC2)aikyl-(C3-C8)cycioalkyl; 

where the alkyI and cycioalkyi groups in the definition of R^ are optionally 

substituted with 1-3 fluoro groups; 
d is 1; e is 1; and 
R® and R^** are each hydrogen. 

62. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phannaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 61 wherein 

R^ is -CHz-A^ where A^ is phenyl, pyridyl or thiazolyl. optionally substituted with one 
to three substituents, each substituent being independently selected from the group 
consisting of F. CI. CH3. OCH3. OCF2H. OCF3 and CF3; 
R^ is hydrogen or (CrC3)alkyl optionally substituted with 1-3 fluoro groups; and 
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is selected from the group consisting of 3-indolyl-CH2-, phenyl-(CH2)r. phenyl- 
CHrOCHr and thiazolyl-CH2-0-CHr. where the aryl portion of the groups defined 
for R^ is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of methylenedioxy, F, CI, CHa. 
OCH3. OCF3, OCF2H and CF3; and 
R^^ is hydrogen. 

63. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to ciaim 4 wherein 



HETis ^ ; 

2 is C=0 or S(0)2; Q is a covalent bond; X is C=0; Y is NR^ 

is hydrogen. (Ci-C5)aikyl or -(CcrC2)alkyl-(C3-C8)cycloalkyl; where the alkyi 

and cycloalky! groups in the definition of R^ are optionally substituted with 1, 

2 or 3 fluoro groups; 
R' is hydrogen; and 

R^ is selected from the group consisting of phenyl-CHrO-CHz-, pyridyl-CHrO-CHr, 
phenyl-(CH2)3-, 3-indolyl-CH2- and thia2olyl-CHrO-CH2-. where the aryl portion of 
the groups defined for is optionally substituted with one to three substituents, 
each substituent being independently selected from the group consisting of 
methylenedioxy. F, CI. CH3. OCH3, OCF3, OCFjH and CF3. 

64. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodnjg of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodnjg 
according to claim 63 wherein Z is C=0; R^ is hydrogen or (CrC3)aIkyl optionally 
substituted with 1*3 fluoro groups. 

65. A compound or a stereoisomeric mbdure thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phannaceutically acceptable salt of the compound, mixture, isomer or prodrug 
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according to claim 64 wherein is selected from the group consisting of 3-indolyl- 
CH2-. phenyl-(CH2)r. phenyl-CHrOCHr and thiazolyl-CHrO-CHz-. where the aryl 
portion of the groups defined for is optionally substituted with one to three 
substituents, each substituent being independently selected from the group 
consisting of methylenedioxy. F, CI, CH3, OCH3, OCF3. OCF2H and CF3. 

66. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodnjg according to claim 65 where the 
compound is 8a-(R,S)-2-amino-N-[1-jR)-(1 H-indol-3-ylmethyl)-2-{2-methyH >dioxo- 
hexahydro-imida2o[1,5-a]pyra2in-7-yl)-2-oxo-ethyl]-2-methyl-propionamide. 

67. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodnjg according to claim 66 where the 
compound is 8a-(R)-2-amino-N-[1-(RH1 H-indol-3-ylmethyl)-2-(2-methyH ,3-dioxo- 
hexahydro-imidazo[1.5-a]pyrazin-7-y!)-2-oxo-ethyI]-2-methyl-propionamide. 

68. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or prodnjg according to claim 66 where the 
compound is 8a-(S)-2-amino-N-[1-(RH1 H-indol-3-ylmethyl)-2-(2-methyl-1 ,3-dioxo- 
hexahydroHmidazo[1,5-a]pyrazin-7-yO-2-oxo-ethyl>2-methyl-propionamide. 

69. A method for increasing levels of endogenous growth' hormone in a 
human or other animal which comprises administering to such human or animal an 
effective amount of a compound or a stereoisomeric mixture thereof, 
diastereomerically enriched, diastereomericaily pure, enantiomerically enriched or 
enantiomericaliy pure isomer thereof, or a prodrug of such compound, mixture or 
isomer thereof, or a pharmaceutically acceptable salt of the compound, mixture, 
isomer or prodrug according to claim 1. 

70. A pharmaceutical composition which comprises a pharmaceutically 
acceptable earner and an effective amount of a compound or a stereoisomeric 
mixture thereof, diastereomerically enriched, diastereomerically pure, 
enantiomericaliy enriched or enantiomerically pure isomer thereof , or a prodrug of 
such compound, mbdure or istimer thereof , or a phamiaceutically acceptable salt of 
the compound, mixture, isomer or prodnjg according to claim 1. 

71 . A pharmaceutical composition useful for increasing the endogenous 
production or release of growth hormone in a human or other animal which 
comprises a phannaceutically acceptable carrier, an effective amount of a 
compound or a stereoisomeric mixture thereof, diastereomerically enriched, 
diastereomerically pure, enantiomerically enriched or enantiomerically pure isomer 
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thereof. or a prodmg of such compound, mixture or isomer thereof, or a 
phamiaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 1 and a growth hormone secretagogue selected from the group 
consisting of GHRP-6, Hexarelin. GHRP-1, growth homione releasing factor (GRF), 
iGF-1. IGF-2 and B-HT920 or an analog thereof. 

72. A method for treating or preventing osteoporosis and/or frailty which 
comprises administering to a human or other animal in need of such treatment or 
prevention an amount of a compound or a stereoisomeric mixture thereof, 
diastereomerically enriched, diastereomerically pure, enantiomericaliy enriched or 
enantiomericaliy pure isomer thereof, or a prodrug of such compound, mixture or 
isomer thereof, or a pharmaceuticaily acceptable salt of the compound, mixture, 
isomer or prodnjg according to claim 1 which is effective in treating or preventing 
osteoporosis and/or frailty. 

73. A method for treating or preventing diseases or conditions which may 
be treated or prevented by growth hormone which comprises administering to a 
human or other animal in need of such treatment or prevention an amount of a 
compound or a stereoisomeric mixture thereof, diastereomerically enriched, 
diastereomerically pure, enantiomericaliy enriched or enantiomericaliy pure isomer 
thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceuticaily acceptable salt of the compound, mixture, isomer or prodnjg 
according to claim 1 which is effective in promoting release of endogenous growth 
hormone. 

74. A method according to claim 73 wherein the disease or condition is 
congestive heart failure, frailty associated with aging or obesity. 

75. A method according to claim 74 v\^erein the disease or condition is 
congestive heart failure. 

76. A method according to claim 74 wherein the disease or condition is 
frailty associated v^th aging. 

77. A method for accelerating bone fracture repair, attenuating protein 
catabolic response after a major operation, reducing cachexia and protein loss due 
to chronic illness, accelerating wound healing, or accelerating the recovery of bum 
patients or patients having undergone major surgery, which method comprises 
administering to a mammal in need of such treatment an amount of a compound or 
a stereoisomeric mixture thereof, diastereomerically enriched, diastereomerically 
pure, enantiomericaliy enriched or enantiomericaliy pure isomer thereof, or a 
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prodmg of such compound, mixture or isomer thereof, or a phamiaceutically 
acceptable salt of the compound, mixture, isomer or prodrug according to claim 1 
which is effective in promoting release of endogenous growth hormone. 

78. A method according to claim 77 wherein the method is for 
accelerating the recovery of patients having undergone major surgery. 

79. A method according to claim 77 wherein the method is for 
accelerating bone fracture repair. 

80. A method for improving muscle strength, mobility, maintenance of 
skin thickness, metabolic homeostasis or renal homeostasis, which method 
comprises administering to a human or other animal in need of such treatment an 
amount of a compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phannaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 1 which is effective in promoting release of endogenous growth 
hormone. 

81. A method for the treatment or prevention of osteoporosis and/or 
frailty which comprises administering to a human or other animal with osteoporosis 
and/or frailty effective amounts of a bisphosphonate compound and a compound or 
a stereoisomeric mixture thereof, diastereomerically enriched, diastereomerically 
pure, enantiomerically enriched or enantiomerically pure isomer thereof, or a 
prodrug of such compound, mixture or isomer thereof, or a pharmaceutically 
acceptable salt of the compound, mixture, isomer or prodmg according to claim 1. 

82. A method for the treatment of osteoporosis and/or frailty according to 
claim 81 wherein the bisphosphonate compound is alendronate. 

83. A method for the treatment of osteoporosis and/or frailty according to 
claim 81 wherein the bisphosphonate compound is Ibandronate. 

84. A method for the treatment or prevention of osteoporosis and/or 
frailty which comprises administering to a human or other animal with osteoporosis 
and/or frailty effective amounts of estrogen or Premarin® and a compound or a 
stereoisomeric mbcture thereof, diastereomerically enriched, diastereomerically pure, 
enantiomerically enriched or enantiomerically pure isomer thereof, or a prodmg of 
such compound, mixture or isomer thereof, or a pharmaceutically acceptable salt of 
the compound, mixture, isom r or prodrug according to claim 1 and, optionally, 
progesterone. 
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85. A method for the treatment of osteoporosis and/or frailty which 
comprises administering to a human or other animal with osteoporosis and/or frailty 
effective amounts of calcitonin and a compound or a stereoisomeric mixture thereof, 
diastereomerically enriched, diastereomerically pure, enantiomerically enriched or 
enantiomerically pure isomer thereof, or a prodrug of such compound, mixture or 
isomer thereof, or a phamiaceuticaliy acceptable salt of the compound, mixture, 
isomer or prodrug according to claim 1. 

86. A method to increase IGF-1 levels in a human or other animal 
deficient in IGF-1 which comprises administering -to a human or other animal with 
IGF-1 deficiency a compound or a stereoisomeric mixture thereof, 
diastereomerically enriched, diastereomerically pure, enantiomerically enriched or 
enantiomerically pure isomer thereof, or a prodmg of such compound, mixture or 
isomer thereof, or a pharmaceutically acceptable salt of the compound, mixture, 
isomer or prodrug according to claim 1 . 

87. A method for the treatment of osteoporosis and/or frailty* which 
comprises administering to a human or other animal with osteoporosis and/or frailty 
effective amounts of an estrogen agonist or antagonist and a compound or a 
stereoisomeric mixture thereof, diastereomerically enriched, diastereomerically pure, 
enantiomerically enriched or enantiomerically pure isomer thereof, or a prodmg of 
such compound, mixture or isomer thereof, or a pharmaceutically acceptable salt of 
the compound, mixture, isomer or prodrug according to claim 1, 

88. A method according to claim 87 wherein the estrogen agonist or 
antagonist is tamoxifen, droloxifene, raloxifene or idoxifene. 

89. A method according to claim 87 wherein the estrogen agonist or 
antagonist is c/s-6-(4-fluoro-phenyl)-5-[4-(2-piperidin-1-yl-ethoxy)-phenyI]-5,6.7,8- 
tetrahydro-naphthalene-2-ol; (.)-as-6-phenyl-5-I4-(2-pyn-olidin-1-yl-ethoxy)-phenyl]- 
5,6.7,8-tetrahydro-naphthaIene-2-ol;c/s-6-phenyi-5-[4-(2-pyn'olidin-1-yl-ethoxy)- 
ph9nyl]-5.6.7.8-tetrahydro-naphthalene-2-ol; c/s-l-IS'-pyn-oIodinoethoxy-S- 
pyridyl]-2-phenyl-6-hydroxy-1,2,3,4-tetrahydro-naphthalene; 1-(4- 
pyrTolidinoethoxyphenyl)-2-(4"-fluorophenyl)-6-hydroxy-1.2,3,4- 
tetrahydroisoquinoline; c/s-6-(4-hydroxyphenyl)-5-[4-(2-piperidin-1-yl-ethoxy)- 
phenyl]-5.6.7.8-tetrahydro-naphthalene-2-ol; or 

1-(4-pymolidinoiethoxyphenyl)-2-phenyl-6-hydroxy-1.2.3.4-tetrahydro-isoquinoline. 

90. A method for enhancing growth and improving carcass quality of an 
animal other than humans which comprises administering to said animal an effective 
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amount of a compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phamnaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 1. 

91. A method for enhancing feed efficiency in an animal other than 
humans which comprises administering to said animal an effective amount of a 
compound or a stereoisomeric mixture thereof, diastereomerically enriched, 
diastereomerically pure, enantiomerically enriched or enantiomerically pure isomer 
thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 1. 

92. A method for increasing milk production in a female mammal which 
comprises administering to said female mammal an effective amount of a 
compound or a stereoisomeric mixture thereof, diastereomerically enriched, 
diastereomerically pure, enantiomerically enriched or enantiomerically pure isomer 
thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 1 . 

93. A method for increasing piglet number, increasing pregnancy rate in 
sows, increasing viability of piglets, increasing weight of pigiets or increasing muscle 
fiber size in piglets which comprises administering to a sow or piglet an effective 
amount of a compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phamnaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 1. 

94. A method for increasing muscle mass, which method comprises 
administering to a human or other animal in need of such treatment an amount of a 
compound or a stereoisomeric mixture thereof, diastereomerically enriched, 
diastereomerically pure, enantiomerically enriched or enantiomerically pure isomer 
thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phamnaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 1 which is effective in promoting release of endogenous growth 
hormone. 
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95. A method for promoting growth in growth hormone deficient children 
which comprises administering to a growth homione deficient child a compound or a 
stereoisomeric mixture thereof, diastereomerically enriched, diastereomerically pure, 
enantiomericaliy enriched or enantiomericaliy pure isomer thereof, or a prodrug of 
such compound, mixture or isomer thereof, or a phamnaceutically acceptable salt of 
the compound, mixture, isomer or prodmg according to claim 1 which is effective in 
promoting release of endogenous growth homtone. 

96. A method for the treatment or prevention of congestive heart failure, 
obesity or frailty assodated with aging, which comprises administering to a human 
or other animal in need thereof effective amounts of a functional somatostatin 
antagonist and a compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomericaliy enriched or enantiomericaliy 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 1. • 

97. A method according to claim 96 wherein the functional somatostatin 
antagonist is an alpha-2 adrenergic agonist and the other animal is a dog, cat or a 
horse. 

98. A method according to claim 97 wherein the alpha-2 adrenergic 
agonist is clonidine, xylazine or medetomidine. 

99. A method for treating insulin resistance in a mammal, which 
comprises administering to said mammal an effective amount of a compound or a 
stereoisomeric mixture thereof, diastereomerically enriched, diastereomerically pure, 
enantiomericaliy enriched or enantiomericaliy pure isomer thereof, or a prodmg of 
such compound, mixture or isomer thereof, or a phamnaceutically acceptable salt of 
the compound, mixture, isomer or prodnjg according to claim 1. 

100. A method for increasing the endogenous production or release of 
growth hormone in a human or other animal which comprises administering effective 
amounts of a compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomericaliy enriched or enantiomericaliy 
pure isomer thereof, or a prodrug of sudi compound, mixture or isomer thereof, or a 
phamiaceuticaily acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 1 and a growth hormone secretagogue selected from the group 
consisting of GHRP-6, Hexarelin, GHRP-1, growth homnone releasing factor (GRF), 
IGF-I, IGF-2 and B-HT920 or an analog thereof. 
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101. A pharmaceutical composition useful for treating or preventing 
osteoporosis and/or frailty which comprises a phamnaceutically acceptable carrier, 
an amount of a bisphosphonate compound and an amount of a compound or a 
stereoisomeric mixture thereof, diastereomerically enriched, diastereomerically pure, 
enantiomerically enriched or enantiomerically pure isomer thereof, or a prodmg of 
such compound, mixture or isomer thereof, or a phamiaceutically acceptable salt of 
the compound, mixture, isomer or prodnjg according to claim 1. 

102. A pharmaceutical composition useful for treating or preventing 
osteoporosis and/or frailty which comprises a pharmaceutically acceptable carrier, 
an amount of estrogen or Premarin®. an amount of a compound or a stereoisomeric 
mixture thereof, diastereomerically enriched, diastereomerically pure, 
enantiomerically enriched or enantiomerically pure isomer thereof, or a prodmg of 
such compound, mixture or isomer thereof, or a pharmaceutically acceptable salt of 
the compound, mbrture. isomer or prodmg according to claim 1 and, optionally, an 
amount of progesterone. 

103. A pharmaceutical composition useful for treating osteoporosis and/or 
frailty which comprises a phamiaceutically acceptable carrier, an amount of 
caldtonin and an amount of a compound or a stereoisomeric mbcture thereof, 
diastereomerically enriched, diastereomerically pure, enantiomerically enriched or 
enantiomerically pure isomer thereof, or a prodmg of such compound, mixture or 
isomer thereof, or a phamnaceutically acceptable salt of the compound, mixture, 
isomer or prodmg according to claim 1. 

104. A phamriaceutical composition useful for treating preventing 
congestive heart failure, obesity or frailty associated with aging, which comprises a 
pharmaceutically acceptable earner, an amount of an alpha-2 adrenergic agonist 
and an amount of a compound or a stereoisomeric mixture thereof, 
diastereomerically enriched, diastereomerically pure, enantiomerically enriched or 
enantiomerically pure isomer thereof, or a prodmg of such compound, mixture or 
isomer thereof, or a pharmaceutically acceptable salt of the compound, mixture, 
isomer or prodmg according to claim 1. 

105. A pharmaceutical composition according to claim 104 wherein the 
alpha-2 adrenergic agonist is clonidtne, xylazine or medetomidine. 

106. A method for increasing levels of endogenous growth homnone, 
which comprises administering to a human or other animal in need thereof effective 
amounts of a functional somatostatin antagonist and a compound or a 
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stereoisomeric mixture thereof, diastereomerically enriched, diastereomerically pure, 
enantiomerically enriched or enantiomerically pure isomer thereof, or a prodmg of 
such compound, mixture or isomer thereof, or a pharmaceutically acceptable salt of 
the compound, mixture, isomer or prodrug according to claim 1. 

107. A method acconding to claim 99 wherein the condition associated 
with insulin resistance is type I diabetes, type II diabetes, hyperglycemia, impaired 
glucose tolerance or an insulin resistant syndrome. 

108. A method according to claim 99 wherein the condition associated 
with insulin resistance is associated with obesity or old age. 

109. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 6 wherein 

Z is C=0; Q is a covalent bond; 
Y is CR®R^° 

where in the definition of Y is selected from the group consisting of 
hydrogen, fluoro, hydroxy and (Ci-C2)alkyl optionally substituted with 1-3 
fiuoro groups; and R^^ in the definition of Y is selected from the group 
consisting of hydrogen, fluoro, and (CrC2)aikyl optionally substituted with 1- 
3 fluoro groups with the proviso that R^° cannot be fluoro when R^ is 
hydroxy; 
and X is CHR' 

where R^ in the definition of X is selected from the group consisting of 
hydrogen, fluoro, hydroxy and (CrC2)alkyl optionally substituted with 1-3 
fluoro groups. 

110. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 109 wherein 

R^ is -CHrA' where A^ is phenyl, pyridyl or thiazolyl, optionally substituted witti one 
to ti^ree substituents, each substituent being independentiy selected from the group 
consisting of F. CI, CH3. OCH3, OCF2H, OCF3 and CF3; and 
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is selected form the group consisting of 3-indolyl-CHr. phenyi-(CH2)3-. phenyl- 
CHrO-CHr and thiazoiyl-CHrO-CHr. where the aryl portion of the groups defined 
for is optionally substituted with one to three substituents. each substituent being 
independently selected from the group consisting of F. CI, CH3. OCH3. OCFjH, 
OCF3 and CF3. 

111. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodmg of such compound, mixture or isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodnjg 
according to claim 110 wherein 
Xis CHj; 
Yis CRV" 

where R* and in the definition of Y are independently selected from the 
group consisting of hydrogen, fluoro, and {CrC2)alkyl optionally substituted 
with 1-3 fluoro groups. 

1 12. A compound or a prodrug of such compound or a phannaceutically 
acceptable salt of the compound or a prodmg according to claim 1 1 1 where the 
compound is the 8a(R.S).1(R) diastereomeric mixture, the 8a(R),1(R) diastereomer 
or the 8a(S),1(R) diastereomer of 2-amino-N-[2-(8a-benzyl-6-oxo-hexahydro- 
pyrrolo[1.2-alpyrazin-2-yI)-1-benzyloxymethyl-2-oxo-ethyl]-2-methyl-propionamide or 
2-amino-N-[1-benzyloxymethyl-2-oxo-2-(6-oxo-8a-pyridin-2-ylmethyl-hexahydro- 
pyrrolo[1,2-alpyrazin-2-yl)-ethyl]-2-methyl-propionamide. 

113. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or a prodrug according to claim 12 where the 
compound is the 8a(R,S),1(R) diastereomeric mixture, the 8a(R),1(R) diastereomer 
or the 8a{S).1(R) diastereomer of 2-amino-N-{1-benzyloxymethyl-2-oxo-2-[3-oxo-8a- 
pyridin-2-ylmethyl-2-(2,2,2-trifluoro-ethyl)-hexahydro-imidazo[1,5-a]pyrazin-7-yl]- 
ethyQ-2-methyl-propionamide; 2-amino-N-{1-benzyloxymethyl-2-[8a-(2,4-difluoro- 
benzyl)-3-oxo-2-(2,2.2-trifluotx>^ethyl)-hexahydro-imida20t1.5-alpyra2in-7-yl]-2-oxo- 
ethyI}-2-methyl-propionamide; 2-amino-N-t1-benzyloxymethyl-2-oxo.2-(3-oxo-8a- 
pyridin-2-ylmethyl-hexahydro-lmidazo[1,5-alpyrazin-7-yl)-ethyl]-2-methyl- 
propionamide;or2-ami^o-N-[1-benzyloxymethy^2-(2-ethy|.3.oxo-8a-pyridin-2- 
ylmethyl-hexahydro-imidazo[1,5-a]pyra2in-7-yI)-2-oxo-ethyl]-2-methy|.propionamide. 

114. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 



SUBSXnUTE SHEET (RULE 26) 



wo 98/58947 



PCT/IB98/00873 



-228- 

pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phanmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 20 wherein 

is -CH2-A^ where is phenyl. 2-pyridyl, or 3-pyridyl. optionally substituted with 1- 
3 F, 1-3 CI; 

is methyl or ethyl where the ethyl group is optionally substituted with 1-3 F; and 
R^ is phenyl-(CH2)r. where the phenyl is optionally substituted with 1-3 F, 1-3 CI or 
1-2 CF3; 

115. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomericaily enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compound, mixture or isomer thereof, or a 
phamiaceutically acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 114 wherein is -(CH2)-A^ where A^ is 2-pyridyl. optionally 
substituted with V2 CI; and 

R^ is methyl or -CH2CF3. 

116. A compound or a prodnjg of such compound or a phamnaceutically 
acceptable salt of the compound or a prodnjg according to claim 115 where the 
compound is 2-amino-N-{1-(R)-[1 .3-dioxo-8a-(R.S)-pyridin-2-ylmethyl-2-(2,2.2- 
trifluoro-ethyl)-hexahydro-imida2o[1,5-a]pyra2ine-7-carbonyl]-(4-phenyl-butyI)}-2- 
methyl-propionamide. 

117. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or a prodrug according to claim 116 where the 
compound is 2-amino-N-{1-{R)-[1 .3-dioxo-8a-(R)-pyridin-2-yimethyl-2-(2.2.2-trifluoro- 
ethyl)-hexahydro-imida2o[1.5-a]pyrazine-7-cartDonyll-(4-phenyl-butyl)>-2-methyl- 
propionamide. 

118. The compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or a prodmg according to claim 116 where the 
compound is 2-amino-N-{1-(R)-[1 .3.dioxo-8a.(S)-pyridin.2-ylmethyI-2-(2.2,2-trifluoro- 
ethyl)-hexahydro-imidazo[1 ,5-a]pyrazine-7-cariDonyl] .{4-phenyl-butyl)}-2-methyl- 
propionamide. 

119. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomericaily 
pure isomer thereof, or a prodrug of such compound, mixture or Isomer thereof, or a 
pharmaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 58 wherein 
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A is-C(0)-NR^-CHr; 

r' is -CHj-A^ where is phenyl, pyridyl or thiazolyl, optionally substituted with one 
to three substituents. each substituent being independently selected from the group 
consisting of F. CI, CH3, OCH3. OCF2H. OCF3 and CF3; 

is hydrogen or -(Ci-C3)alkyl or .(C(rC2)aikyl-(CrC5)cycioalkyl where the alky! and 
cycioalkyl groups in the definition of are optionally substituted with 1-3 fluoro 
groups; 

R^ is selected form the group consisting of 3-indolyl-CHr. phenyl-(CH2)3-. phenyl- 
CH2-0-CHr and thia20lyl-CH2-0-CHr. where the aryl portion of the groups defined 
for R' is optionally substituted with one to three substituents, each substituent being 
independently selected from the group consisting of F, CI, CH3, OCH3. OCF2H. 
OCF3 and CF3; and 
R^^ is hydrogen. 

120. A compound or a prodrug of such compound or a phamiaceutically 
acceptable salt of the compound or a prodrug according to claim 1 19 where the 
compound is the 3a(R.S),7a(R.S) diastereomerlc mixture, the 3a(R).7a(R) 
diastereomer. the 3a(S).7a{S) diastereomer, the 3a(R).7a(S) diastereomer, or the 
3a(S).7a(R) diastereomer of 2-amino-N-[2-(3a-benzyl-2-cydopropyl-3-oxo- 
octahydro-pyn-olo[3,4-c]pyridin-5-yI)-1(R)-ben2yioxymethyl-2-oxo-ethyl]-2-methyl- 
propionamide; 2-amino-N-[2-(3a-benzyl-2-methyI-3-oxo-octahydro-pyn'oio[3,4- 
clpyridin-5-yl)-1 (R)-benzyloxymethyl-2-oxo-ethyn-2-methyl-propionamide; or 2- 
amino-N-[1(R)-ben2yloxymethyl-2-(2-methyl-3-oxo-3a-pyridin-2-ylmethyt-octahydro- 
pynrolo[3.4-c]pyridin-5-yl>2-oxo-ethyIl-2-methyl-propionamide. 

121. A compound of the formula 



or a stereoisomeric mixture thereof, diastereomerically enriched, dlastereomerically 
pure, enantiomerically enriched or enantiomerically pure isomer thereof, or a 
prodnjg of such compound, mixture or isomer thereof, or a pharmaceutically 
acceptable salt of the compound, mixture, isomer or prodrug, 
wherein 

HET is a heterocyclic moiety selected from the group consisting of 
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d is 0, 1 or 2; 
e is 1 or 2; 

A is a divalent radical, where the left hand side of the radical as shown below is 

connected to C" and the right hand side of the radical as shown below is connected 

to C. selected from the group consisting of 

-C(R'R'°)-NR^-C(0)-. 

-C(R'R^VC(R'R''VC{R'R'V. 

-S{0)2-C(R'R'VC(R'R'°>. 

-C(R''R'°)-0-C(0)-. 

-c(r''r"Vo-c(r''r"V. 
-nr'-ccokcr'r^'V. 

-0-C(0)-C(R"R'°)-. 

-ccr'r'Vcpvnr*-. 

-C(RV*)-C(0)-0-. 

-C(0)-NR'-C(R'R"*)-C{R''R'°)-. 

-C(0}-0-C(R^R'V. 

-C(R'r"*)-C(R'R'°)-C(R'R'°)-C(R'R'")-. 
-S(0)2-NR'-C(R'r"VC(R'R"V. 

-c(r*r"*)-c(r''r"Vnr'-c(0)-. 

-C(R'r'°)-C(R''R'°)-0-C(0)-. 
-NR^-C(0)-C(R'R'°)-C(R^R'°)-. 

•nr^-scOz-ccr'r'Vccr^r'")-. 
-o-c(0)-c(r'r"Vc(R''r"V. 

-C(R'r'VC(R'R'°)-C{0)-NR^-. 

-C(R'R'°)-C(R'R"*)-C(0)-. 

-CCR^R'^^-NR^-CpVO-. 

-C(R'r'°)-0-C(0)-NR*. 

-C(R'R'°)-NR^-C{0)-NR*-, 

-NR^-C(0)-0-C(R''R'°)-. 

-NR^CCO-NR'-CCR^R'V. 
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-NR*-S(0)2-NR'-C(R'r'°)-. 
.0-C(0)-NR'-C(R''R'V. 

-c(r'r"Vnr"-c(r'r"V. 
-nr"-c(r'r''Vc(r'r"V. 

-C(0>0-C(R'R'°)-C(R'*R"V. 

-C(R'r'°)-C(R''R"VN(R")-. 

-C(R'r'°)-NR"-. 

.C{R'R'VC(R'R'°)-NR'-S(0)r. 

-C(R'R'"VC(R'R'VS(0)rNR*-. 

-c(r'r"Vc(r'r'Vc(0)-o-. 

-C(R'R'°)-S(0)rC(R'R'V. 
-C(R''R'VC(R'R'VS{0)r. 
-0-C(R'r"*)-C(R'R'°)-. 
-C(R'R'°)-C(R''R'°)-0-. 
-C(R'R'VC(0)-C(R'R'°)-. 
-C(0)-C(R'r"VC{R'R'^- and 
-C{R'R'VNR'-S(0)rNR^-: 
Q is a covalent bond or CH2; 
W is CH or N; 

XisR''R'°'.C=CH2orC=0: 
Y isR'R". Oor NR^ 

R' is hydrogen. -CN. -(CH2)qN(X^C(0)X«. -(CH2),N(X^C(0)(CH2)rA'. 
-(CH2),N(X^S(0)2{CH2)rA\ -(CH2)qN(X*)S(0)2X'. -{CH2),N(X*)C{0)N(X'^(CH2)rA\ 
-(CH2),N(X*)C(0)N(X'^(X'^. -(CH2),C(0)N(X^(X^. -(CH2),C(0)NCX")(CH2)rA\ 
-(CH2),C(0)0X». -(CH2),C(0)0(CH2)rA\ -{CH2),0X". -(CH2),0C(0)X'. 
-{CH2),OC(0)(CH2)rA\ -(CH2),0C(0)N(X^(CH2VA\ -{CH2),0C(0)N(X»)(X^. 
-(CH2),C(0)X«. -{CH2),C(0)(CH2)rA\ -{CH2),N{X*)C(0)0X*. 
-(CH2),N(X*)S(0)2N(X*)(X^, -(CH2),S{0)™X». -(CH2)qS(0)m(CH2)rA\ 
-(Ci-Co)alkyl, -(CH2)rA\ -{CH2)q-(CrC7)cycloalIcyl. -(CH2),-Y'-(CrC6)alkyl. 
-(CH2),-Y'-(CH2)rA' or -(CH2)q-Y'-(CH2)r(CrC7)cycloalkyI; 

where the alkyi and cycloalkyl groups in the definition of R^ are optionally 

substituted witti (Ct-C4)alkyl. hydroxy. (Ci-C4)alkoxy. carboxyl. -CONH2. 

-S{0)m(Ci-C6)alkyl, -C02(CrC4)alkyI star. 1H-tetrazol-5-yl or 1. 2 or 3 fluoro 

groups; 
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is O. S(0).. -C(0)NX^. -CH=CH-. -CsC-. -N(X')C(0)-, -C(0)NX'.. 
.C(0)0-. -OC(0)N(X^- or-OC{0)-; 
q is 0, 1,2, 3 or 4; 
tis 0. 1. 2 or 3; 

said (CHz), group and (CH2)t group in the definition of are optionally 
independently substituted with hydroxy. (CrC4)alkoxy. carboxyl. -CONH2. 
-S(0)m(C,-C6)alkyl. -C02(CrC4)alkyl ester. 1H-tetra2ol-5-yl, 1, 2 or 3 fluoro 
groups or 1 or 2 (Ci-C4)alkyl groups; 
R^* is selected from the group consisting of hydrogen, F, CI. Br. I, (CrC6)alkyl. 
phenyl(CrC3)alkyl. pyridyl(Ci-C3)alkyl, thia2olyl(CrC3)alkyl and thienyl(C,-C3)aIkyl. 
provided that R^* is not F, CI. Br or I when a heteroatom is vicinal to C"; 
R^ is hydrogen. (CrC8)alkyI. -(C(rC3)alkyl-(CrC8)cycioalkyl. -(Ci-C4)a!kyl-A^ or A\ 

where the alkyi groups and the cycloalkyi groups in the definition of R^ are 
optionally substituted with hydroxy. -C(0)OX^ -C(0)NP(^PC*^. -N(X^(X*^. - 
S(0)m(CrC6)alkyl, •C(0)A\ -C(0)(X^. CF3. CN or 1. 2 or 3 independently 
selected halo groups; 
R^ is selected from the group consisting of A\ {Ci-Cio)alkyl, -(Ci-C6)alkyl-A\ -(d- 
C6)alkyl-{C3-C7)cycloalkyl. .(Ci-C5)alkyl-X'-(CrC5)alkyl. .(Ci-C5)alkyl-X'-(C(rC5)alky|. 
a' and -(CrCs)alkyi-X'-(Ci-C5)alkyl-(CrC7)cycloalkyl; 

where the alky! groups in the definition of R^ are optionally substituted with 
-S(0)m(Ci-C6)a!kyl. -C(0)OX^ 1. 2. 3, 4 or 5 independently selected halo 
groups or1. 2 or 3 independently selected -OX^ groups; 
X' is O, S(0)„,. -N(X')C(0)-. -C(6)N(X')-. .0C(0)-. -C(0)0-. -CX'=CX^ 
-N(X^)C(0)0-. -OC(0)N(XV or -ChC-; 
R^ is hydrogen. (Ci-C6)alkyl or (C3-C7)cycloalkyl, or R^ is taken together with R^ and 
the carbon atom to which they are attached and fonn (CrC7)cycloaIkyl, (C5- 
C7)cycloalkenyl, a partially saturated or fully saturated 4- to 8-membered ring having 
1 to 4 heteroatoms independently selected from the group consisting of oxygen, 
sulfur and nitrogen, or is a bicyclic ring system consisting of a partially saturated or 
fully saturated 5- or 5-membered ring, fused to a partially saturated, fully 
unsaturated or fully saturated 5- or 6-membered ring, optionally having 1 to 4 
heteroatoms independently selected from the group consisting of nitrogen, sulfur 
and oxygen; 
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X* is hydrogen or (Ci-C6)alkyl or X* is taken together with and the nitrogen atom 
to which is attached and the carbon atom to which is attached and form a five 
to seven membered ring; 



IS a bond or IS v ^« ; 

where a and b are each independently 0, 1. 2 or 3; 

X^ and X^ are each independently selected from the group consisting of 
hydrogen. CF3, and optionally substitute* (CrC6)alkyl; 

the optionally substituted (Ci-C6)alkyl in the definition of X^ and X^ is 
optionally substituted with a substituent selected from the group 
consisting of A\ OX'. -S(0)m(Ci-C6)alkyl. .C(0)OX^ (C3-C7)cycloalkyl. 
.N{X')(X') and -C(0)N(X')(X^); 
or the carbon bearing X* or X^ fomis one or two alkylene bridges with the 
nitrogen atom bearing R' and R* wherein each alkylene bridge contains 1 to 
5 cartDon atoms, provided that when one alkylene bridge is formed then only 
one of X^ or X^ Is on the cariDon atom and only one of R^ or is on the 
nitrogen atom and further provided that when two alkylene bridges are 
formed then X® and X^' cannot be on the carbon atom and R^ and R® cannot 
be on the nitrogen atom; 

or X^ is taken together with X^' and the cartDon atom to which they are 
attached and form a partially saturated or fully saturated 3- to 7-membered 
ring, or a partially saturated or fully saturated 4- to 8-membered ring having 1 
to 4 heteroatoms independently selected from the group consisting of 
oxygen, sulfur and nitrogen; 

or X^ is taken together with X^" and the carbon atom to which they are 
attached and form a bicydic ring system consisting of a partially saturated or 
fully saturated 5- or 6-membered ring, optionally having 1 or 2 heteroatoms 
independently selected from the group consisting of nitrogen, sulfur and 
oxygen, fused to a partially saturated, fully saturated or fully unsaturated 5- 
or 6-membered ring, optionally having 1 to 4 heteroatoms independently 
selected from the group consisting of nitrogen, sulfur and oxygen; 

is a bond. O or N-X^. provided that when a and b are both 0 then is not 
N-X^orO; 

R^ and R* are each independently hydrogen or optionally substituted (CrC6)alkyl; 
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where the optionally substituted (CrC6)alkyl in the definition of and R' is 
optionally independenUy substituted with A\ -C(0)0-(Ci-C6)alkyl, 
-S(0)m(Ci-C6)alkyl. 1 to 5 halo groups, 1 to 3 hydroxy groups, 1 to 3 
-0-C(0){CrCio)alkyl groups or 1 to 3 (Ci-C6)alkoxy groups; or 
and R" can be taken together to form -(CH2)rL-(CH2)r; 
where L is C(X^)(X^). S(0)„ or N(X^); 
R^ R^. R'° and R^**" are each independently hydrogen, fluoro, hydroxy. (Ci - 
C4)alkoxy or (C, - Cs)alkyl optionally substituted with 1 to 5 halogroups. provided 
that at least one of R». R". R'" or R'* is present and is (C, - C4)alkoxy; 
r" is selected from the group consisting of (Ci-C5)alkyl and phenyl optionally 
substituted with 1-3 substitutents each independently selected from the group 
consisting of (C,-Cs)alkyl, halo and (C,-Cs)alkoxy: 

r" is selected from the group consisting of {Ci-C5)alkylsulfonyl, (Ci-Cs)alkanoyl and 
(Ci-Cs)alkyl where the alkyi portion is optionally Independently substituted by 1-5 
halo groups; 

for each occun^nce is IndependenUy selected from the group consisting of (Cs- 
C7)cycloalkenyl. phenyl, a partially saturated, fully saturated or fully unsaturated 4- 
to 8-membered ring optionally having 1 to 4 heteroatoms independently selected 
from the group consisting of oxygen, sulfur and nitrogen and a bicyclic ring system 
consisting of a partially saturated, fully unsaturated or fully saturated 5- or 6- 
membered ring, optionally having 1 to 4 heteroatoms independently selected from 
the group consisting of nitrogen, sulfur and oxygen, fused to a partially saturated, 
fully saturated or fully unsaturated 5- or 6-membered ring, optionally having 1 to 4 
heteroatoms independently selected from the group consisting of nitrogen, sulfur 
and oxygen; 

for each occun-ence is independently optionally substituted, on one or 
optionally both rings if A^ is a bicyclic ring system, with up to ttiree 
substituents. each substituent independently selected from the group 
consisting of F. CI. Br, I. OCF3. OCF2H, CF3, CHj, OCH3. -OX*. 
-C(0)N(X^(X'). -C(0)OX*, 0x0, (CrC6)allcyl. nitro, cyano, benzyl. -S(0)m(Ci- 
C6)alkyl, 1H-tetrazol-5-yl, phenyl, phenoxy, phenylalkyloxy. halophenyl, 
methylenedioxy, -N(X^(X*). -N(X^C(0)(X^. -S(O)2N(X'0(X^. 
-N(X*)S{0)rPhenyl. -NP(»)S(0)2X^ -CONX"X". -S(0)2NX^'X«. 
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-NX'SCOzX". ^HX'COHXV, -NX'S(0)2NX^'X^^ -NX'C{0)X^'. imidazolyl. 
thiazolyl and tetrazolyl, provided that if is optionally substituted with 
methytenedioxy then it can only be substituted with one methylenedioxy; 
where X" is hydrogen or optionally substituted (Ci-C6)alkyl; 

the optionally substituted (CrC6)aikyl defined for X" is 
optionally independentiy substituted witii phenyl, phenoxy. 
(Ci-C6)alkoxycarbonyl, -S{0)„(CrC6)alkyl, 1 to 5 halo groups, 
1 to 3 hydroxy groups, 1 to 3 (CrCio)alkanoyloxy groups or 1 
to 3 {CrC6)alkoxy groups; 
X" is hydrogen. {Ci-C6)alkyl. phenyl, tiiiazolyl. imidazolyl, furyl or 
thienyl, provided that when X" is not hydrogen, the X" group is 
optionally substituted with one to three substituents independently 
selected from the group consisting of CI, F, CH3, OCH3, OCF3 and 
CPs: 

or X^^ and X'^ are taken togetiier to form -(CH2)rL^-(CH2)r: 
is C(X^)(X^). O. S(0)„. orN(X'); 
r for each occun-ence is independentiy 1 , 2 or 3; 

X^ for each occun-ence is independentiy hydrogen, optionally substituted (Ci- 
C6)alkyl or optionally substituted (C3-C7)cydoalkyl. where the optionally substituted 
(CrC6)aIkyi and optionally substituted {C3-C7)cycloalkyl in the definition of X^ are 
optionally independentiy substituted witii -S(0)m(CrC6)alkyl. -C(0)OX^ 1 to 5 halo 
groups or 1-3 OX^ groups; 

X^ for each occunrence is independentiy hydrogen or (CrC6)alkyl; 

X* for each occurrence is independentiy hydrogen, optionally substituted (d- 

C6)alkyi. (CrC6)halogenated alkyl, optionally substituted {CrC7)cycloalkyi. (CrCr)- 

halogenated cycioalkyi, where optionally substituted (CrC6)alkyl and optionally 

substituted (CrC7)cycloalkyl in the definition of X^ is optionally independently mono- 

ordi-substituted with (CrC4)aIkyl. hydroxy. (Ci-C4)alkoxy. carboxyl. CONH2, 

-S(0)n,(CrC6)alkyl. carboxylate (C,-C4)alkyl ester or IH-tetrazol-S-yl; or 

when there are two X® groups on one atom and botti X® are Independentiy (d- 

C6)alkyl, tine two (CrC6)aIkyl groups may be optionally joined and, togettier wiUi tiie 

atom to which the two X® groups are attached, form a 4- to 9- membered ring 

optionally having oxygen, sulfur or NX^ as a ring member; 

is hydrogen or (CrC6)alkyl optionally substituted with hydroxy; 
m for each occurrence is independentiy 0, 1 or 2; 
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with the proviso that 

X' and X^^ cannot be hydrogen when attached to C{0) or S(0)2 in the form C(0)X^ 
C(0)X''. S(0)2X' or S(0)2X'^ and 

when is a bond then L is N(X^) and each r in the definition -(CH2)r-L-(CH2)r is 
independently 2 or 3. 

122. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodojg of such compound, mixture or isomer thereof, or a 
pharmaceuticaily acceptable salt of the compound, mixture, isomer or prodmg 
according to claim 121 wherein 
HETis 



is -(CH2)rA\ -{CH2)q-(CrC7)cycloalkyl or (CrCio)alkyl; 

where in the definition or R^ is phenyl, pyridyl, thiazolyl or thienyl, 
optionally substituted with one to three substituents. each substituent being 
independentiy selected from the group consisting of F, CI, CH3. OCH3, 
OCF2H. OCF3 and CFa; 

the cycloalkyi and alkyi groups in the definition of R^ are optionally 
substituted with (Ci-C4)alkyl. hydroxy, (Ci-C4)alkoxy or 1 to 3 fiuoro atoms; 
q is 1 or 2; 
t is 1 or 2; 

R^ is selected form the group consisting of phenyl-CHz-OCHr. phenyl-CHrS-CH2-, 
pyridyl-CH2-0-CHr, thienyl-CHrO-CHr. 3-indolyl-CHr. phenyl-(CH2)3- and thiazolyl- 
CHrO-CH2-; where the carbon atom bearing the substituent R^ is of the (R)- 
configuration; 

where the aryl portion of the groups defined for R^ is optionally substituted 
with one to three substituents. each substituent being independently 
selected from the group consisting of F, CI, CH3. OCH3. OCF2H. OCF3 and 
CF3 

R^ is hydrogen; 
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1 \/ 

Rfi is ^^"^^ ^^^^^ Where Z' is a bond; and X"* are each methyl; a 

and b are each 0; 

and or each hydrogen; 
X^ is hydrc^gen. 

123. A compound or a stereoisomeric mixture thereof, diastereomerically 
enriched, diastereomerically pure, enantiomerically enriched or enantiomerically 
pure isomer thereof, or a prodrug of such compouod, mixture or Isomer thereof, or a 
phannaceutically acceptable salt of the compound, mixture, isomer or prodrug 
according to claim 122 wherein 
Z is C=0; Q is a covalent bond; 
YisCR*R'° 

where R® in the definition of Y is selected from the group consisting of 
hydrogen, fluoro, hydroxy. (CrC2)alkoxy and (Ci-C2)alkyl optionally 
substituted with 1-3 fluoro groups; and R^° in the definition of Y is selected 
from the group consisting of hydrogen, fluoro, and (CrC2)alkyl optionally 
substituted with 1-3 fluoro groups with the proviso that R^** cannot be fluoro 
when R® is hydroxy or (Ci-C2)alkoxy; 
and X is CHR^ 

where R^ in the definition of X is selected from the group consisting of 
hydrogen, fluoro. hydroxy. (CrC2)alkoxy and (Ci-C2)alkyl optionally 
substituted with 1-3 fluoro groups. 
R' is -CHr-A^ 

where A^ is phenyl, pyridyl or thiazolyl. optionally substituted with one to 
three substituents. each substituent being independently selected from the 
group consisting of F. CI. CH3. OCH3. OCF2H, OCF3 and CF3; and 

R^ is selected fonn the group consisting of 3-indolyl-CHr. phenyl-(CH2)r. phenyl- 

CH2-O-CH2- and thiazolyl-CHz-O-CHr, 

where the aryl portion of tiie groups defined for is optionally substituted 
with one to tiiree substituents, each substituent being independenfly 
selected from tiie group consisting of F. CI. CH3, OCH3, OCF2H, OCF3 and 
CF3. 

124. A compound or a prodrug of such compound or a pharmaceutically 
acceptable salt of the compound or a prodmg according to claim 123 where tiie 
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Compound is the 8(R,S),8a(R.S) diastereomeric mixture, the 8(R),8a(R) 
diastereomer, the 8(S),6a{S) diastereomer, the 8(R),8a(S) diastereomer, or the 
8(S),8a(R) diastereomer of 2-amino-N-(1(R)-benzyloxymethyl-2-(8-methoxy-6-oxo- 
8a-pyridin-2-ylmethyl-hexahydro-pyrrolo(1,2-a]pyra2in-2-yl)-2-oxo-ethyi]-2-methyl- 

propionamide. 

125. A method of claim 73 wherein said condition is a sleep disorder. 

1 26. The L-tartrate salt of the compound of claim 36. 

127. A compound of the formula 




where R^ is hydrogen. -CN. .(CH2),N(X^C(0)X'. -(CH2),N(X^C(0)(CH2)rA\ 
-(CH2),N(X^S(0)2(CH2)^A^-(CH2),N(X*)S(0)2X^ -(CH2),N{X')C(0)NpC^(CH2)rA\ 
-{CH2)«,N(X^C(0)N(X*)(X^. -(CH2),C(0)N(X^(X^. -(CH2),C(0)N(X^(CH2)rA\ 
-(CH2),C(0)OX^ -(CH2),C(0)0(CH2)rA\ -(CH2),0X«. -(CH2)q0C(O)X'. 
-(CH2)<,OC(O)(CH2)rA\-(CH2),OC(O)N(X^(CH2)rA\-(CH2),OC(O)N(X*)(X'0. 
-(CH2),C(0)X^ -(CH2),C(0)(CH2VA\ -(CH2),N(X*)C(0)OX*. 
-(CH2),N(X<')S(0)2N(X*)(X^, -{CH2),S(0)„^". -(CH2),S(0)„(CH2VA\ 
-{CrCio)alkyi. -(CH2)rA\ -(CH2),-(C3-C7)cycloalkyl. -(CH2),-Y'-(CrC6)a!kyl. 
-{CH2)q-Y'-(CH2)rA' or -(CH2)q-Y'-(CH2V(CrC7)cycloalkyl: 

where the alkyi and cycloalkyi groups in the definition of R' are optionally 

substituted with (Ci-C4)alkyl. hydroxy. (Ci-C4)alkoxy. carboxyl, -CONH2. 

-S(0)„(C,-C6)alkyl. -C02(CrC4)alkyl ester. 1H-tetrazol-5-yl or 1. 2 or 3 fluoro 

groups; 

Is O. S(0)m. -C(0)NX«-. -CH=CH-. -C=C-. -N(X«)C(0)-. -C(0)NX«-. 
-C(0)0-. -OC(0)N(XV or-OC(0)-; 
m for each occurrence is 0, 1 or 2; 
qis 0, 1,2, 3 or 4; 
tisO. 1.2or3; 

said (CH2)q group and (CH2)t group in the definition of R' are optionally 
independently substituted with hydnaxy. (Ci-C4)alkoxy. carboxyl. -CONH2. 
-S{0)m(Ci-C6)alkyl. -C02(CrC4)aikyr ester, IH-tetrazol-S-yl. 1. 2 or 3 fluoro 
groups or 1 or 2 (Ci-C4)alkyl groups; 
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for each occurrence is independently selected from the group consisting of (Cr 
C7)cycloalkenyi, phenyl, a partially saturated, fully saturated or fully unsaturated 4- 
to 8-membered ring optionally having 1 to 4 heteroatoms independently selected 
from the group consisting of oxygen, sulfur and nitrogen and a bicyclic ring system 
consisting of a partially saturated, fully unsaturated or fully saturated 5- or 6- 
membered ring, optionally having 1 to 4 heteroatoms independently selected from 
the group consisting of nitrogen, sulfur and oxygen, fused to a partially saturated, 
fully saturated or fully unsaturated 5* or 6-membered ring, optionally having 1 to 4 
heteroatoms independentiy selected from the group consisting of nitrogen, sulfur 
and oxygen; 

for each occurrence is independentiy optionally substituted, on one or 
optionally botin rings if A^ is a bicyclic ring system, with up to three 
substituents. each substituent independentiy selected from the group 
consisting of F. CI. Br, I. OCF3. OCF2H. CF3. CH3. OCH3. -0X^ 
-C(0)N(X®)(X^. -C(0)OX®. 0x0. (Ci-C6)alkyl. nitro, cyano, benzyl. -S(0)m(Ci- 
C6)alkyl, 1H-tetrazol-&-yl. phenyl, phenoxy, phenylalkyloxy, halophenyl. 
mettiylenedioxy. -N(X^(X^). -N(X^)C(0)(X^. •S(0}2N(X^)(X^, 
-N(X^S(0)2-phenyl. -N(X'0S(O)2X^ -CONX''X'^ -S(0)2NX''X'^ 
-NX^S(0)2X'^ -NX^CONX"X^^ -NX^S(0)2NX^^X'^ -NX^C(0)X". imidazolyl, 
thiazolyl and tetrazolyl. provided that if A^ is optionally substituted witii 
methylenedioxy then it can only be substituted with one methyienedioxy; 
where X" is hydrogen or optionally substituted (Ci-C6)alkyl; 

the optionally substituted (Ci-C6)alkyl defined for X^^ is 
optionally independentiy substituted with phenyl, phenoxy, 
(Ci-C6)alkoxycarbonyl, -S(0)m(Ci-C6)alkyI, 1 to 5 halo groups, 
1 to 3 hydroxy groups, 1 to 3 (CrCio)alkanoyloxy groups or 1 
to 3 (Ci-C6)alkoxy groups; 
X" is hydrogen, (CrC6)alkyl, phenyl, ttiiazolyl, imidazolyl, furyl or 
thienyl, provided that when X^^ is not hydrogen, the X^^ group is 
optionally substituted with one to three substituents independentiy 
selected from the group consisting of CI. F, CH3. OCH3. OCF3 and 
CF3; 

or X" and X^^ are taken together to fomn -(CH2)rL^-(CH2)r-; 
is C(X^)(X^). O. S(0)„ or N(X^); 
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X^for each occurrence is independently hydrogen, optionally substituted (Cr 
C6)alkyl. (C2-C6)halogenated alkyi, optionally substituted (Cr C7)cycloalkyl, (Cr 
C7)-halogenated cycloalkyl. where optionally substituted (Ct-C6)alkyl and 
optionally substituted {CrC7)cycloalkyI in the definition of X* is optionally 
independently mono- or di-substituted with (Ci-C4)alkyl, hydroxy, (CrC4)alkoxy, 
carboxyl, CONH2. 

-S(0)m(Ci-C6)aIkyl, carboxylate (CrC4)alkyl ester or 1H-tetrazol-5.yl; or 
when there are two X® groups on one atom and both X® are independently 
(CrCe)alkyl, the two (Ci-C6)alkyl groups may be optionally joined and, 
together with the atom to which the two X® groups are attached, fomn a 4- 
to 9- membered ring optionally having oxygen, sulfur or NX^ as a ring 
member; and 

is hydrogen, (CrC8)alkyl. -(Co-C3)alkyl.(CrC8)cycloalkyl, -(CrC4)alkyl-A' 
or a'; 

where the alkyI groups and the cycloalkyi groups in the definition of 

are optionally substituted with hydroxy. -C(0)OX®, -C(0)N(X^{X^). 
-N(X^(X^. -S(0)„,(CrC6)alkyl, -C(0)A\ -C(0)(X^. CF3. CN or 1. 2 or 
3 Independently selected halo groups. 

128. A compound of claim 127 wherein R^ is CHrA^ and is CFsCHr. 

129. A compound of claim 128 wherein A^ is 2-pyridyl. 

130. The compound of claim 129 which is 8a-pyridin-2-ylmethyl-2-(2.2.2- 
tr1fluoro-ethylHetrahydro-imidazo[1 ,5-a]pyra2ine-1 .3-dione. 

131 . The L-tartrate salt of the compund of claim 130, 

132. A process for preparing 1 .3-dioxo-8a(S)-pyridin-2-ylmethyl-2-(2,2,2- 
trifluoro-ethyl)-hexahydro-imidazo[1.5-alpyra2ine-7-carboxylic acid tert-butyl ester 
comprising reacting 8a-pyridin-2-ylmethyl-2-(2,2,2-trifluoro-ethyl)-tetrahydro- 
imidazo[1,5-a]pyra2ine-1,3-dione with D-tartaric acid in a reaction inert solvent at 
O^'C to about room temperature for about 5 minutes to about 48 hours, 

133. A process for prBparing 2-amino-N-(1(R)-benryloxymethyl-2-(1,3- 
dioxo-8a(S)-pyridin-2-ylmethyl-2-(2.2.2-trifluoro-ethyl)-hexahydro-imidazo[1,5- 

a]pyrazin-7-yl)-2-methyl-propionamide hydrochloride comprising 

(a) reacting 8a-pyridin-2-ylmethyl-2-(2,2.2-trifluoro-ethyl)-tetrahydro- 

imida2o[1.5-alpyrazine-1,3-dione with D-tartaric acid in a reaction inert solvent to 
form 1 ,3-dioxo-8a(S)-pyridin-2-ylmethyl-2-(2.2,2-trifluoro-ethyl)-hexahydro- 
imida2o[1,5-alpyrazine-7-carboxylic acid tert-butyl ester 
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(b) reacting said 1 .3-dioxo-8a(S)-pyridin-2-ylmethyl-2-(2,2.2-trifluoro- 
ethyl)-hexahydro-imida20t1.5-a]pyrazine-7-carboxylic add tert-butyl ester with 3- 
benzyioxy-2-(2-tert-butoxycarboriylamino-2-methyl-propionylamino)-propionic acid in 
the presence of a tertiary amine and 1-propanephosphonic acid cyclic anhydride in 
a reaction inert solvent to form (1-{1(R)-benzyloxymethyl-2-(1,3-dioxo-8a(S)-pyridin- 
2-ylrTiethyl-2-(2.2,2-trifluoro-ethyI)-hexahydro-irnida2o[1>a]pyra2in-7-yO-2-ox^ 
ethylcarbamoyl)-1-methyl-ethyl)-carbamic acid tert-butyl ester; and 

(c) reacting said (1-(1 (R)rbenzyloxymethyl-2-(1 ,3-dioxo-8a(S)-pyridin-2- 
ylmethyJ-2-{2,2,2-trifluoro-ethyl)-hexahydro-imidazo[1.5-a]pyrazin-7-yO-2-oxo- 
ethylcarbamoyl)-1-methyl-ethyl)-carbamic acid tert-butyl ester with concentrated 

hydrochloric acid in a reaction inert solvent to form 2-amino-N-(1(R)- 
benzyloxymethyl-2-(1,3-dioxo-8a(S)-pyridin-2-ylmethyl-2-(2,2,2-trifluoro-ethyl)- 
hexahydro-imida2o[1.5-a]pyrazin-7-yl)-2-methyl-propionamide hydrochloride. 
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